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CHAPTER  12 


PSYCHOLOGICAL  ASSESSMENT 


INTRODUCTION 

Background 

Although  some  epidemiologic  studies  in  humans  have  associated  chronic  psychologic 
disorders  with  the  perception  of  herbicide  exposure  (1),  a  direct  causal  relationsMp 
implicating  2,3,7,8-tetrachlorodibenzo-p-dioxin  (TCDD,  or  dioxin)  has  not  been  proven. 
Experimental  animal  studies  provide  little  insight  into  potential  psychological  consequences  of 
TCDD  exposure  in  humans.  Signs  of  toxicity  in  animals  (lethargy,  stupor,  poor 
coordination,  lack  of  feeding,  and  agitation)  have  been  observed  in  multiple  studies  involving 
many  species  and  have  been  attributed  to  the  “wasting  syndrome”  of  multi-organ  toxicity 
rather  than  to  primary  central  nervous  system  (CNS)  toxicity  (2).  In  rats  e3q)osed  to  high 
doses  of  TCDD  (1,0(X)  micrograms  intraperitoneally),  only  slight  differences  were  noted  in 
spontaneous  motor  activity  and  maze  performance  relative  to  controls  (3). 

E^riments  in  monkeys  exposed  perinatally  to  TCDD  may  be  more  relevant  to  human 
experience.  Several  published  reports  have  documented  behavioral  dysfunction  and  subtle 
cognitive  impairment  in  monkeys  exposed  to  TCDD  (by  maternal  ingestion)  while  in  utero 
and  during  nursing  (4-6). 

Studies  attempting  to  define  human  psychological  and  behavioral  disorders  related  to 
TCDD  exposure  often  are  flawed  by  a  number  of  limitations  including  the  bias  of 
self-reporting,  the  lack  of  confirmation  by  psychological  testing,  and  unreliable  indices  of 
exposure.  Using  chloracne  as  a  marker  for  high-level  exposure,  early  studies  of  industrial 
chemical  workers  provided  the  first  suggestion  of  psychological  effects.  Studies  shortly  after 
a  Nitro,  West  Virginia,  accident  in  1949  documented  nervousness,  fatigue,  irritability,  cold 
intolerance,  and  decreased  libido  in  many  of  the  workers  with  chloracne.  Most  of  these 
symptoms  resolved  over  a  4-year  period  (7,8).  Two  followup  studies  of  expanded  plant 
cohorts  in  1979  noted  a  strong  association  between  chloracne  and  insomnia  (9,10).  None  of 
the  studies  included  validation  by  neurobehavioral  testing. 

Other  industrial-based  studies  reported  a  wide  range  of  acute  and  subacute  subjective 
symptoms  including  fatigue,  decreased  libido,  impotence,  sleep  disturbances,  reduced 
emotional  responses,  sensory  deficits,  reading  difficulties,  memory  loss,  and  emotional 
disorders  (11-17).  One  study  found  a  relationship  between  chloracne  and  hypomania  as 
reflected  in  the  Minnesota  Multiphasic  Personality  Inventory  (MMPI)  (18).  Another  study 
noted  that  two  of  three  chemists  involved  in  the  synthesis  of  TCDD  developed  marked 
personality  changes  (19).  Although  data  interpretation  problems  exist,  a  Czechoslovakian  10- 
year  followup  study  cited  eight  cases  of  severe  dementia  in  exposed  workers  and  reported 
that  symptoms  of  anxiety  and  depression  decreased  over  the  followup  period  (17). 
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A  contemporary  cross-sectional  morbidity  smdy  of  residents  of  a  mobile-home  park 
environmentally  contaminated  with  dioxin  documented  psychological  changes  in  the  exposed 
group  (20).  Significant  abnormalities  were  recorded  in  the  exposed  group  for  the  tension  or 
anxiety  scale  and  the  anger  or  hostility  scale  of  the  Profile  of  Mood  States  Inventory  as  well 
as  the  vocabulary  subtest  of  the  Wechler  Adult  Intelligence  Scale  (WAIS).  However, 
cerebral  function,  as  assessed  by  the  Halstead-Reitan  Battery  (HRB),  revealed  no  significant 
group  differences. 

As  one  of  the  few  epidemiologic  studies  in  humans  to  incorporate  serum  dioxin  data 
into  psychometric  analyses,  the  National  Institute  for  Occupational  Safety  and  Health 
(NIOSH)  study  of  chemical  plant  workers  deserves  special  mention  (21).  This 
cross-sectional  study  of  281  workers  in  two  iudustrial  plants  investigated  the  association 
between  exposure  to  chemicals  (including  TCDD)  and  symptoms  of  depression  revealed  by  a 
well-established  battery  of  psychologic  screening  tests  (the  Beck  Depression  Inventory  and 
the  depression  subscale  of  &e  Symptom  Checklist-90-Revised  [SCL-90-R]).  The  mean 
serum  TCDD  level  in  the  exposed  cohort  was  220  parts  per  trillion  (ppt)  versus  6  ppt  in 
referents.  By  both  scales  the  prevalence  of  depression  was  comparable  in  each  group.  Of 
interest  and  consistent  with  numerous  other  reports,  the  self-perception  of  TCDD  exposure 
was  significantly  associated  with  depressive  symptoms  though  the  mean  serum  TCDD  level 
in  those  thought  to  have  been  exposed  (43  ppt)  was  significantly  lower  than  that  in  the  group 
reporting  no  such  exposure  (116  ppt). 

The  association  of  psychological  symptoms  with  the  self-perception  of  exposure  to 
Agent  Orange  was  reported  in  a  Veterans’  Administration  study  of  153  veterans  undergoing 
treatment  for  substance  abuse  (22).  Though  no  attempt  was  made  to  document  actual 
exposure  objectively,  a  subgroup  of  58  patients  self-reporting  moderate  to  high  herbicide 
exposure  was  compared  to  the  remaining  95  patients  reporting  no  or  minimal  exposure. 

When  adjusted  for  age,  education,  and  degree  of  combat  experience,  the  self-perceived 
exposed  group  scored  significantly  higher  in  the  MMPI  scales  of  depression,  poor  morale, 
organic  symptoms,  family  problems,  and  hypomania. 

In  addition  to  unreliable  herbicide  exposure  estimates,  the  study  of  psychopathology  in 
veterans  is  further  complicated  by  the  confounding  effects  of  combat  stress  and 
post-traumatic  stress  disorder  (PTSD)  as  defined  by  the  American  Psychiatric  Association 
(23).  Though  the  true  prevalence  of  PTSD  in  Vietnam  veterans  is  uncertain  (24,25),  18 
percent  of  the  nearly  100,000  Vietnam  veterans  registered  in  the  Veterans’  Administration 
Agent  Orange  Registry  in  1983  complained  of  “nervousness,”  and  10  percent  reported 
personality  disorders  (26).  In  a  group  of  132  veterans  included  in  the  registry  (most  of 
whom  were  selected  for  inclusion  in  the  study  based  on  referr^  for  psychotherapy),  53 
percent  met  criteria  for  PTSD  based  on  symptoms  of  sleep  disorders  (53%),  mood  depression 
(36%),  suicidal  thoughts  (35%),  and  irritability  (31%)  (27).  Many  studies  have  attempted  to 
investigate  the  relationship  between  PTSD  and  herbicide  exposure  in  Vietnam  veterans.  The 
methods  employed  to  determine  exposure  included  self-reporting,  use  of  chloracne  symptoms 
(both  self-reported  and  medically  diagnosed),  and  various  attempts  to  link  the  geographic 
location  of  a  veteran  during  service  in  Vietnam  to  areas  of  herbicide  use.  All  of  these 
methods  have  questionable  validity.  Self-reporting  has  been  shown  to  be  highly  inaccurate 
for  most  applications  (28).  One  study  in  which  chloracne  was  used  as  an  index  of  exposure 
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examined  six  Vietnam  veterans  and  25  control  subjects  selected  from  the  same  sample  group. 
Evidence  was  found  for  significant  psychological  disorders  in  the  exposed  subjects  based  on 
the  results  of  a  neuropsychological  battery  (29).  Principal  limitations  of  the  study  included 
the  small  sample  size  and  lack  of  histologic  confirmation  of  chloracne  diagnosis. 

Another  large-scale  study  of  6,810  Vietnam-era  veterans  who  are  members  of  the 
American  Legion  found  that,  although  perceived  exposure  to  herbicides  could  not 
independently  predict  psychosocial  outcomes,  it  was  associated  with  such  outcomes  when 
combined  with  combat,  indicating  that  a  synergistic  effect  may  have  occurred  (30).  Principal 
limitations  of  the  study  include  the  lack  of  medical  and  psychological  record  review  and 
exposure  verification. 

Although  not  specifically  designed  to  investigate  endpoints  from  Agent  Orange 
exposure,  the  Vietnam  Experience  Study  (VES)  by  the  U.S.  Centers  for  Disease  Control, 
included  comprehensive  psychological  testing  in  Vietnam  and  non- Vietnam  veterans  (31). 
Results  revealed  an  increased  incidence  of  psychological  dysfunction  related  to  service  in 
Vietnam  including  depression  (4.5%  of  Vietnam  veterans  versus  3.2%  in  non-Vietnam 
veteran^),  anxiety  (4.9%  versus  3.2%),  and  alcohol  abuse  or  dependence  (13.7%  versus 
9.2%). 

Prior  reports  of  the  Air  Force  Health  Study  (AFHS)  (32-34)  have  revealed  few 
statistically  significant  differences  in  the  psychologic  indices  between  the  Ranch  Hand  and 
Comparison  cohorts.  Furthermore,  in  the  most  recent  analyses  based  on  serum  dioxin  levels 
(35),  psychological  and  psychosocial  disorders  in  Ranch  Hands  appear  unrelated  to  the  body 
Wden  of  TCDD. 

Summary  of  Previous  Analyses  of  the  Air  Force  Health  Study 
1982  Baseline  Study  Summary  Results 

An  extensive  battery  of  psychological  parameters  was  assessed  on  all  participants  dining 
the  1982  Baseline  questionnaire  and  physical  examination.  The  expected  high  degree  of 
concordance  between  education  (college,  high  school)  and  military  rank  (officer,  enlisted) 
was  observed  and  validated  the  use  of  education  as  the  sole  covariate  representing 
socioeconomic  status  for  most  analyses. 

There  were  no  questionnaire  differences  for  past  history  of  emotional  or  psychological 
illnesses  between  the  Ranch  Hand  and  Comparison  groups.  For  the  psychological  indices  of 
fatigue,  anger,  erosion,  anxiety,  and  severity  of  depression  (as  determined  by  a  modification 
of  &e  Diagnostic  Interview  Schedule),  no  group  differences  were  detected  among  the  college- 
educated  Ranch  Hands.  However,  for  the  high-school-educated  stratum.  Ranch  Hands 
demonstrated  significantly  more  fatigue,  anger,  erosion,  and  anxiety.  An  unadjusted  analysis 
of  reported  depression  showed  significantly  more  depression  in  the  Ranch  Hands,  as  did  the 
isolation  index  adjusted  for  educational  level. 
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At  the  time  of  the  physical  examination,  additional  self-reported  data  were  collected 
with  the  Cornell  Index  and  the  MMPI.  The  CNS  functional  testing  was  conducted  by  a 
modified  HRB,  and  intelligence  was  measured  by  the  WAIS. 

The  Cornell  Index  showed  a  significant  increase  in  psychophysiologic  symptoms  in  the 
high  school-educated  Ranch  Hands.  In  Ranch  Hands,  6  of  10  parameters  of  the  Cornell 
Index  were  abnormal  (e.g.,  fear,  startle,  psychosomatic),  as  contrasted  to  the  Comparisons, 
and  all  abnormal  responses  and  parameters  were  inversely  related  to  education  to  a 
statistically  significant  degree.  MMPI  results  in  the  high-school-educated  participants  showed 
differences  in  the  scales  of  denial,  hypochondria,  masculinity-femininity,  and  mania- 
hypomania  as  contrasted  to  the  college-educated  participants.  Only  the  social  introversion 
scale  was  significant  in  the  college-educated  participants.  The  effect  of  education  was 
influential  (p<  0.01)  in  all  scales  of  the  MMPI.  Race  was  not  a  significant  covariate.  None 
of  the  self-reported  data,  including  those  from  the  in-home  questionnaire,  were  adjusted  for 
possible  group  differences  in  PTSD  or  combat  experience  and  intensity. 

Performance  testing  by  the  HRB  showed  no  neuropsychiatric  impairment  in  the  Ranch 
Hands  in  contrast  to  the  results  of  the  self-administered  MMPI  and  the  Cornell  Index.  The 
effect  of  education  on  the  HRB  testing  was  strong  (p  <0.0001).  WAIS  intelligence  scores 
revealed  very  close  group  similarities  in  the  full-scale  and  verbal  and  performance  scales. 

As  expected,  the  intelligence  quotient  (IQ)  of  college  graduates  was  significantly  higher  than 
the  IQ  of  high  school  graduates. 

1985  Followup  Study  Summary  Results 

Two  of  the  psychological  tests  (MMPI,  HRB)  conducted  at  the  1982  Baseline 
examination  were  repeated  at  the  first  followup  examination  in  1985.  An  updated  history  of 
mental  and  emotional  disorders  and  combat  experience  in  Vietnam  also  was  obtained  on  all 
participants.  An  indicator  of  PTSD  was  derived  from  a  new  MMPI  subscale  and  was  used 
for  covariate  adjustments  of  non-MMPI  psychological  data.  The  Cornell  Medical  Index 
(CMI)  was  substituted  for  the  Cornell  Index  in  the  1985  psychological  assessment. 
(Questionnaire  data  (verified  by  medical  record  reviews)  for  the  lifetime  events  of  psychotic 
illness,  alcohol  dependence,  anxiety,  or  other  neuroses  disclosed  no  significant  differences 
between  groups  for  these  conditions. 

The  similarity  of  the  group  distribution  for  the  14  MMPI  variables,  each  stratified  by 
the  3  occupational  categories,  was  examined,  and  only  2  of  the  42  tests  approached  statistical 
significance  (masculinity-feminity  for  enlisted  flyers  and  validity  for  officers).  The  group 
distributions  of  the  total  CMI  score  were  similarly  contrasted,  with  separate  analyses 
performed  with  stratification  by  the  five  co variates  of  age,  race,  occupation,  education,  and 
current  alcohol  drinking  status.  For  one  stratum  of  each  of  these  covariates  (bom  in  or  after 
1942,  non-Black,  enlisted  groundcrew,  high  school  education,  and  current  alcohol  drinker),  a 
significant  difference  in  the  distribution  of  the  Ranch  Hand  and  Comparison  scores  was 
found.  In  all  cases  for  the  CMI,  the  Ranch  Hand  mean  was  greater  than  the  Comparison 
mean. 
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The  unadjusted  analyses  showed  a  significant  difference  for  the  MMPI  scales  of  denial 
(p< 0.001)  and  masculinity-femininity  (p=0.017),  the  total  CMI  (p< 0.001),  and  the  Section 
A-H  area  subscore  (p =0.003).  A  marginally  significant  difference  was  observed  for  the 
MMPI  scales  of  hysteria  (p=0.067)  and  social  introversion  (p=0.069).  Comparisons  had  a 
greater  percentage  of  abnormal  scores  for  the  denial  and  masculinity-femininity  scales, 
whereas  Ranch  Hands  showed  adverse  findings  for  the  other  four  variables. 

The  adjusted  analyses  were  generally  quite  similar  to  the  unadjusted  analyses  with 
respect  to  group  differences.  The  MMPI  scales  of  denial  and  masculinity-femininity  were 
statistically  significant  in  both  the  adjusted  and  unadjusted  analyses,  where  Comparisons 
showed  an  adverse  effect  over  Ranch  Hands.  The  A-H  subscore  of  the  CMI  (suggesting 
diffuse  medical  problems)  also  was  significant,  where  Ranch  Hands  had  higher  mean  scores 
than  Comparisons,  suggesting  that  Ranch  Hands  had  more  illness.  The  M-R  subscore  of  the 
CMI,  a  broad  indicator  of  emotional  health,  was  not  statistically  different  between  the  two 
groups. 

The  HRB  impairment  index,  a  measure  of  CNS  functional  integrity,  did  not  differ 
significantly  between  the  Ranch  Hand  and  Comparison  groups.  Strong  covariates  in  the 
adjusted  analysis  were  age,  race,  and  education. 

Because  of  alternate  statistical  models  and  slightly  different  psychological  testing 
parameters,  a  direct  contrast  between  the  psychological  results  of  the  Baseline  and  1985 
followup  examinations  was  not  always  possible.  However,  several  broad  patterns  were 
observed:  the  discordance  between  distributional  tests  and  results  from  traditional  statistical 
models  of  the  MMPI  variables  was  noted  with  data  from  both  examinations;  there  was  a 
narrowing  of  group  differences  at  the  1985  followup  examination  for  most  subjective 
variables,  either  by  a  decrease  in  Ranch  Hand  reporting,  or  by  an  increase  in  Comparison 
reporting;  and  as  at  the  Baseline,  functional  CNS  testing,  as  measured  by  the  HRB 
impairment  index,  showed  no  group  differences,  and  did  not  support  an  organic  basis  for 
differences  in  self-reported  symptomatology.  The  longitudinal  analysis  of  two  MMPI  scales, 
depression  and  denial,  showed  a  significant  reversal  of  depression  seen  at  Bagpiittp  in  the 
high-school-educated  Ranch  Hands — ^the  number  of  depression  abnormalities  decreased  in 
Ranch  Hands  and  increased  in  Comparisons. 

The  determination  of  PTSD  in  both  Air  Force  cohorts  by  a  relatively  new  MMPI  scale 
showed  a  prevalence  rate  of  less  than  1  percent.  This  low  rate  is  strongly  influenced  by 
characteristics  of  the  study  population  (e.g.,  age,  education,  and  officer  ratio). 

In  conclusion,  sigmficant  test  results  were  present  in  both  groups  or  were  noted  in 
specific  subgroups  of  a  covariate.  Educational  level,  age,  and  alcohol  use  showed  strong 
effects  on  the  psychological  scales  and  scores  in  this  psychological  assessment.  Tests  of  the 
CNS  by  the  HRB  demonstrated  an  almost  identical  prevalence  of  abnormality  in  both  groups. 

1987  Followup  Study  Summary  Results 

The  psychological  assessment  was  based  on  verified  psychological  disorders,  reported 
sleep  disorders,  and  two  clinical  psychological  tests— the  SCL-90-R  and  the  Millon  Clinical 
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Multiaxial  Inventory  (MCMI).  The  verified  data  on  lifetime  psychological  disorders  showed 
no  group  differences  for  psychoses,  drug  dependence,  and  anxiety.  However,  marginally 
more  Ranch  Hands  than  Comparisons  had  a  verified  history  of  alcohol  dependence  and 
“other  neiuoses”  based  on  unadjusted  analyses.  The  Ranch  Hands  reported  experiencing 
great  or  disabling  fatigue  during  the  day  and  talking  in  their  sleep  more  frequently  than  the 
Comparisons.  No  group  differences  were  detected  in  the  other  13  sleep  disorder  variables  in 
the  unadjusted  analyses.  Although  no  significant  differences  between  the  Ranch  Hands  and 
the  Comparisons  were  found  in  the  unadjusted  analyses  of  the  12  SCL-90-R  variables,  the 
Ranch  Hands  had  marginally  more  abnormalities  than  the  Comparisons  for  depression, 
somatization,  and  an  index  of  the  general  severity  of  s5miptoms.  The  results  of  the 
unadjusted  analyses  of  the  MCMI  scores  revealed  that  the  Ranch  Hands  had  significantly 
higher  mean  antisocial  and  paranoid  scores  than  the  Comparisons.  Marginally  significant 
differences  were  identified  on  the  narcissistic  and  psychotic  delusion  scores,  where  the  mean 
score  of  the  Ranch  Hands  exceeded  that  of  the  Comparisons.  After  adjustment  for  the 
covariates,  a  significant  difference  remained  on  the  narcissistic  score.  The  Comparisons  had 
a  significantly  higher  mean  dependent  score  than  the  Ranch  Hands. 

Serum  Dioxin  Analysis  of  1987  Followup  Study  Summary  Results 

In  general,  the  results  of  the  analyses  of  the  verified  psychological  disorders,  reported 
sleep  disorders,  and  the  SCL-90-R  variables  did  not  reveal  significant  associations  with  initial 
dioxin  or  current  dioxin  and  time  since  tour  of  duty  or  find  significant  differences  among  the 
four  current  dioxin  categories.  In  contrast,  several  of  the  analyses  of  the  MCMI  variables 
displayed  significant  results.  However,  there  was  a  lack  of  consistency  across  similar 
variables  included  in  the  SCL-90-R,  MCMI,  and  reported  information.  Additionally,  the 
continuous  scale  of  the  MCMI  variables  allowed  for  a  greater  ability  to  detect  small 
differences  in  the  mean  MCMI  scores  than  the  capability  of  the  discrete  analyses  of  the  other 
three  psychological  abnormalities.  In  conclusion,  the  body  burden  of  dioxin  does  not  appear 
to  be  related  to  psychological  or  psychophysiological  disorders. 

Parameters  of  the  Psychological  Assessment 

Dependent  Variables 

Data  collected  through  the  SCL-90-R  were  used  in  the  psychological  assessment. 
Additionally,  psychological  disorders,  as  verified  through  medical  records  review,  were  used 
to  supplement  the  psychological  evaluation  for  the  1992  followup. 

Medical  Records  Data 

At  the  face-to-face  interview  of  the  1992  examination,  each  participant  was  asked 
whether  he  has  had  a  mental  or  emotional  disorder  since  the  date  of  his  last  interview. 
Reported  disorders  for  which  treatment  was  obtained  were  subsequently  verified  by  reviews 
of  medical  records.  Information  on  verified  psychological  disorders  from  the  1992 
examination  was  combined  with  information  on  verified  disorders  from  the  Baseline,  1985 
followup,  and  1987  followup  examinations,  and  a  series  of  dependent  variables  regarding 
verified  history  of  psychological  disorders  were  created.  In  particular,  the  verified  histories 
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of  psychoses,  alcohol  dependence,  drug  dependence,  anxiety,  and  an  International 
Classification  of  Diseases,  9th  Edition,  Clinical  Modification  (ICD-9-CM)  diagnostic 
code-based  category  of  “other  neuroses”  (ICD  codes  300-302,  305-309,  and  311)  were 
studied. 

Participants  with  a  verified  pre-Southeast  Asia  (SEA)  history  of  a  psychological  disorder 
were  excluded  from  the  analyses  pertaining  to  that  disorder.  Additionally,  participants  who 
tested  positive  for  the  human  immunosuppressant  virus  (HIV)  were  excluded  from  all 
analyses  of  these  variables. 

Physical  Examination  Data 

The  SCL-90-R,  used  by  the  AFHS  at  the  1987  followup,  was  used  again  in  the 
psychological  assessment.  The  SCL-90-R  is  a  multidimensional  self-reported  symptom 
inventory  designed  to  measure  symptomatic  psychological  distress  in  terms  of  nine  primary 
symptom  dimensions  and  three  global  indices  of  distress  (36).  Each  participant  was  asked  to 
respond  to  90  questions  in  terms  of  a  5-point  scale  as  follows:  0=not  at  all,  l=a  little  bit, 
2=moderately,  3=quite  a  bit,  and  4=extremely.  Responses  were  grouped  into  the  nine 
primary  symptom  categories,  and  a  raw  score  for  a  participant  for  a  category  was  determined 
by  adding  the  scores  of  the  answered  questions  in  that  category  and  dividing  by  the  number 
of  answered  questions  in  that  category.  The  raw  scores  then  were  converted  to  T-scores 
(reference  scores  for  a  given  population  norm)  for  analysis.  These  nine  categories  are 
anxiety,  depression,  hostility,  interpersonal  sensitivity,  obsessive-compulsive  behavior, 
paranoid  ideation,  phobic  anxiety,  psychoticism,  and  somatization.  These  symptom 
categories  are  defined  in  Appendix  H-1. 

The  following  three  global  indices  also  were  analyzed:  the  global  severity  index  (GSI), 
the  positive  symptom  total  (PST),  and  the  positive  symptom  distress  index  (PSDI).  The  GSI 
is  defined  as  the  sum  of  the  scores  of  all  answered  questions  divided  by  the  number  of 
answered  questions  on  the  entire  test.  This  index  combines  information  on  the  number  of 
symptoms  and  the  intensity  of  distress.  The  PST  is  the  number  of  questions  to  which  the 
participant  responds  positively  (i.e.,  on  the  5-pomt  scale,  responses  1,  2,  3,  or  4).  The  PSDI 
is  determined  by  adding  the  scores  of  all  answered  questions  and  dividing  by  the  PST.  This 
index  describes  the  intensity  of  the  positive  symptoms.  Each  of  these  indices  also  were 
converted  to  a  T-score.  The  T-scores  for  the  nine  primary  symptom  dimensions  and  the 
three  global  indices  were  then  classitied  as  high  or  normal,  where  high  is  defined  as  a  T- 
score  of  63  or  greater  (36).  All  participants  were  included  in  the  analyses  of  the  nine 
primary  symptom  dimensions  and  the  three  global  indices  of  distress,  including  those 
participants  who  responded  “not  at  all”  to  all  90  questions.  These  indices  are  described 
more  ^y  in  Appendix  H-1. 

Participants  who  tested  positive  for  HTV  were  excluded  from  the  analysis  of  the  SCL- 
90-R  variables. 
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Covariates 


Covariates  examined  in  the  adjusted  statistical  analyses  of  the  psychological  assessment 
included  age,  race,  military  occupation,  education  level  (high  school,  college),  current 
alcohol  use  (drinks/day),  lifetime  alcohol  history  (drink-years),  current  total  household 
income,  current  employment  (yes,  no),  current  marital  status  (married,  not  married),  current 
parental  stams  (currently  having  a  child  under  the  age  of  18:  yes,  no),  and  combat  service 
(number  of  days).  Age,  current  alcohol  use,  lifetime  alcohol  history,  current  total  household 
income,  and  combat  service  were  used  in  the  continuous  form  for  modeling  purposes  for 
general  linear  models  and  logistic  regression  analyses.  Current  total  household  income 
information  was  collected  in  the  questionnaire  in  categories  with  $5,000  increments,  between 
$5,000  and  $100,000.  The  midpoint  of  each  category  was  used  as  the  current  total 
household  income,  with  $100,000  used  for  the  $100,000  or  more  category.  Educational 
level,  current  employment,  current  parental  status,  and  marital  status  are  all  based  on  self- 
reported  information  from  the  questionnaire.  Co  variates  were  discretized  as  necessary  for 
tabular  presentations  of  covariate  interactions  with  group  or  dioxin. 

The  lifetime  alcohol  history  and  current  alcohol  use  covariates  were  based  on 
self-reported  information  from  the  1992  questionnaire  and  combined  with  similar  information 
gathered  at  the  1987  followup.  For  lifetime  alcohol  history,  the  respondent’s  average  daily 
alcohol  consumption  was  determined  for  various  drinking  stages  throughout  his  lifetime,  and 
an  estimate  of  the  corresponding  total  number  of  drink-years  (1  drink-year =365  drinks)  was 
derived.  The  current  alcohol  use  covariate  was  based  on  the  average  number  of  drinks  per 
day  for  the  month  prior  to  completing  the  questionnaire.  These  covariates  were  not  used  in 
adjusted  analyses  for  the  alcohol  dependence  variable. 

For  the  historical  dependent  variables  based  on  medical  records  data,  the  covariates 
based  on  current  condition  (current  total  household  income,  current  employment,  current 
marital  status,  and  current  parental  stams)  are  used  as  surrogate  information  to  describe  the 
participant’s  life  experience.  Current  alcohol  use  was  examined  in  the  analyses  of  the 
psychological  examination  variables  only.  This  co variate  could  not  affect  the  results  of  a 
variable  based  on  post-SEA  history,  and  lifetime  alcohol  history  is  used  to  investigate  the 
cumulative  effects  of  alcohol. 

Statistical  Methods 

Chapter  7,  Statistical  Methods  describes  the  basic  statistical  methods  used  throughout 
this  report.  The  modeling  strategy  was  modified  for  the  adjusted  analyses  of  the 
psychological  endpoints.  For  these  variables,  only  the  covariate  main  effects  and 
group-by-covariate  or  dioxin-by-covariate  interactions  were  examined;  the  pairwise  covariate 
interactions  were  not  investigated  because  of  the  large  number  of  covariates. 

Table  12-1  summarizes  the  statistical  analyses  performed  for  the  1992  psychological 
assessment.  The  first  part  of  this  table  lists  the  dependent  variables  analyzed,  data  source, 
data  form,  outpoints,  candidate  covariates,  and  statistical  analysis  methods.  The  second  part 
of  this  table  provides  a  description  of  candidate  covariates  examined.  Abbreviations  used  in 
the  body  of  Ae  table  are  defined  at  the  end  of  the  table. 
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Table  12-1. 

Statistical  Analyses  for  the  Psychological  Assessment 
Dependent  Variables 


Variable  (Uj^) 

Data  :: 

: Source  • 

Data 

Form 

Cu^MHIitS 

Candidate 

Qmuiates 

Statistical 

Analyses 

Psychoses 

MR-V 

D 

Yes 

No 

AGE,RACE,OCC. 

drkyr,educ, 

INC, EMPLOY, 
MARITAL, 
PARENT, 
COMBDAYS 

U:LR,CS 

A:LR 

Alcohol  Dependence 

MR-V 

D 

Yes 

No 

AGE,RACE,OCC, 

EDUC,INC, 

EMPLOY, 

MARITAL, 

PARENT, 

COMBDAYS 

U:UI,CS 

A:LR 

Drug  Dependence 

MR-V 

D 

Yes 

No 

AGE,RACE,OCC, 

DRKYR,EDUC, 

INC,EMPLOY, 

MARITAL, 

PARENT, 

COMBDAYS 

U:LR,CS 

A:LR 

Anxiety 

MR-V 

D 

Yes 

No 

AGE,RACE,OCC, 

DRKYR,EDUC, 

INC.EMPLOY, 

MARITAL, 

PARENT, 

COMBDAYS 

U:LR,CS 

A:LR 

Other  Neuroses 

MR-V 

D 

Yes 

No 

AGE,RACE,OCC, 

DRKYR,EDUC, 

INC,EMPLOY, 

MARITAL, 

PARENT, 

COMBDAYS 

U:LR,CS 

A:LR 

SCL-90-R  Anxiety 

PE 

D 

High:  T>63 
Normal:  T<63 

AGE,RACE,OCC, 

ALC,DRKYR, 

EDUC,INC, 

EMPLOY, 

MARITAL, 

PARENT, 

COMBDAYS 

U:LR,CS 

A:LR 

SCL-90-R 

Depression 

PE 

D 

High:  T>63 
Normal:  T<63 

AGE,RACE,OCC, 

ALC,DRKYR, 

EDUC,INC, 

EMPLOY, 

MARITAL, 

PARENT, 

U:LR,CS 

A:LR 

COMBDAYS 
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Table  12-1.  (Continued) 

Statistical  Analyses  for  the  Psychological  Assessment 


VanaUe  (Units} 

Data 

Source 

Data 

Form 

Cutpoints 

Candidate 

Covariates 

Stadriical 

Analyses 

SCL-90-R 

Hostility 

PE 

D 

High:  T>63 
Normal:  T<63 

AGE,RACE,OCC, 

ALC,DRKYR, 

EDUC,INC, 

EMPLOY, 

MARITAL, 

PARENT, 

COMBDAYS 

U:LR,CS 

A:LR 

SCL-90-R 

Interpersonal 

Sensitivity 

PE 

D 

High:  T>63 
Normal:  T<63 

AGE,RACE,OCC, 

ALC,DRKYR, 

EDUC,INC, 

EMPLOY, 

MARITAL, 

PARENT, 

COMBDAYS 

U:Ul,CS 

A:LR 

SCL-90-R 

Obsessive-Compulsive 

Behavior 

PE 

D 

High:  T^63 
Normal:  T<63 

AGE,RACE,OCC, 

ALC,DRKYR, 

EDUC,INC, 

EMPLOY, 

MARITAL, 

PARENT, 

COMBDAYS 

U:LR,CS 

A:LR 

SCL-90-R 

Paranoid  Ideation 

PE 

D 

High:  T>63 
Normal:  T<63 

AGE,RACE,OCC, 

ALC,DRKYR, 

EDUC,INC, 

EMPLOY, 

MARITAL, 

PARENT, 

COMBDAYS 

U:LR,CS 

A:LR 

SCL-90-R  Phobic 
Anxiety 

PE 

D 

High:  T>63 
Normal:  T<63 

AGE,RACE,OCC, 

ALC,DRKYR, 

EDUC,INC, 

EMPLOY, 

MARITAL, 

PARENT, 

COMBDAYS 

U:LR,CS 

A:LR 

SCL-90-R 

Psychoticism 

PE 

D 

High:  T^63 
Normal:  T<63 

AGE,RACE,OCC, 

ALC,DRKYR, 

EDUC,INC, 

EMPLOY, 

MARITAL, 

PARENT, 

COMBDAYS 

U:LR,CS 

A:LR 
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Table  12-1.  (Continued) 

Statistical  Analyses  for  the  Psychological  Assessment 


VarisAile  (IMts) 

Data 

Source 

Data 

Form 

Ciitpoints 

Candidate 

Covariates 

Stafj^cal 

Analyses 

SCL-90-R 

Somatization 

PE 

D 

High:  T>63 
Normal:  T<63 

AGE,RACE,OCC, 

ALC.DRKYR, 

EDUC,INC, 

EMPLOY, 

MARITAL, 

PARENT, 

COMBDAYS 

U:LR,CS 

A:LR 

SCL-90-R  Global 
Severity  Index  (GSI) 

PE 

D 

High:  T>63 
Normal:  T<63 

AGE,RACE,OCC, 

ALC,DRKYR, 

EDUC,INC, 

EMPLOY, 

MARITAL, 

PARENT, 

COMBDAYS 

U:LR,CS 

A:LR 

SCL-90-R  Positive 
Symptom  Total  (PST) 

PE 

D 

High:  T>63 
Normal:  T<63 

AGE,RACE,OCC, 

ALC,DRKYR, 

EDUC,INC, 

EMPLOY, 

MARITAL, 

PARENT, 

COMBDAYS 

U:LR,CS 

A:LR 

SCL-90-R  Positive 
Symptom  Distress 

Index  (PSDI) 

PE 

D 

High:  T>63 
Normal:  T<63 

AGE,RACE,OCC, 

ALC,DRKYR, 

EDUC,INC, 

EMPLOY, 

MARITAL, 

PARENT, 

COMBDAYS 

U:LR,CS 

A:LR 

Covariates 


Variable  (Abbreviation) 

Data  Source 

Data  Form 

Cutpoints 

Age  (AGE) 

MIL 

D/C 

Bom  >1942 

Bom  <1942 

Race  (RACE) 

MIL 

D 

Black 

Non-Black 

Occupation  (OCC) 

MIL 

D 

Officer 

Enlisted  Flyer 

Enlisted  Groundcrew 

Current  Alcohol  Use 

Q-SR 

D/C 

0-1 

(ALC)  (drinks/day) 

>1-4 

>4 
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Table  12-1.  (Continued) 

Statistical  Analyses  for  the  Psychological  Assessment 


Covariates 


Variable  (Abbreriation) 

Data  Source 

Data  Form 

Cutpoints 

Lifetime  Alcohol 

Histoiy  (DRKYR) 
(drink-years) 

Q-SR 

D/C 

0 

>0-40 

>40 

Education  (EDUC) 

Q-SR 

D 

College 

High  School 

Current  Total  Household 
Income  (INC) 

Q-SR 

D/C 

<$55,000 

>$55,000 

Current  Employment 
(EMPLOY) 

Q-SR 

D 

Yes 

No 

Current  Marital  Status 
(MARITAL) 

Q-SR 

D 

Married 

Not  Married 

Current  Parental  Status 
(PARENT) 

Q-SR 

D 

Child  <  18  years  old 

No  child  <  18  years  old 

Combat  Service 
(COMBDAYS) 

MIL 

D/C 

<360  days 
>360  days 

Abbreviations 

Data  Source:  LAB  = 

MIL  = 
MR-V  = 
PE 

Q-SR  = 

1992  laboratory  results 

Air  Force  military  records 

Medical  records  (verified) 

1992  physical  examination 

Health  questionnaire  (self-reported) 

Data  Form:  C  = 

D 

D/C  = 

Continuous  analysis  only 

Discrete  analysis  only 

Appropriate  form  for  analysis  (either  discrete  or  continuous) 

Statistical  Analyses:  U  = 

A 

L 

Unadjusted  analyses 

Adjusted  analyses 

Longitudinal  analyses 

Statistical  Methods:  CS  = 

LR 

Chi-square  contingency  table  analysis  (continuity-adjusted  for  2x2  tables) 

Logistic  regression  analysis 
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Dependent  variable  data  were  missing  for  some  participants.  The  number  of 
participants  with  missing  data  and  the  number  of  participants  excluded  due  to  pre-SEA 
conditions  or  because  they  tested  positive  for  HIV  are  provided  in  Table  12-2. 

Analyses  of  data  collected  at  the  1987  followup  study  indicated  that  dioxin  was 
associated  with  military  occupation.  In  general,  enlisted  personnel  had  higher  levels  of 
dioxin  than  officers,  with  enlisted  grotmdcrew  having  higher  levels  than  enlisted  flyers. 
Consequently,  adjustment  for  military  occupation  in  statistical  models  using  dioxin  as  a 
measure  of  exposure  may  improperly  mask  an  actual  dioxin  effect.  However,  occupation 
also  can  be  a  surrogate  for  socioeconomic  effects.  Failure  to  adjust  for  occupation  could 
overlook  important  risk  factors  related  to  lifestyle.  If  occupation  was  found  to  be 
significantly  associated  with  a  dependent  variable  in  the  1992  followup  analyses  and  was 
retained  in  the  final  statistical  models  using  dioxin  as  a  measure  of  exposure,  the  dioxin 
effect  was  evaluated  in  the  context  of  two  models.  Analyses  were  performed  with  and 
without  occupation  in  the  final  models  to  investigate  whether  conclusions  regarding  the 
association  between  the  health  endpoint  and  dioxin  differed. 

The  results  of  the  analyses  without  occupation  are  presented  in  Appendix  H-3  and  are 
only  discussed  in  the  text  if  the  level  of  significance  differs  from  the  original  final  adjusted 
model  (significant  versus  nonsignificant). 

RESULTS 

Dependent  Variable-Covariate  Associations 

Tests  of  association  between  the  psychological  dependent  variables  and  the  candidate 
covariates  were  conducted,  and  results  are  presented  in  Appendix  Table  H-1-1.  These 
associations  are  based  on  combined  group  data.  Participants  with  a  verified  pre-SEA  history 
of  a  psychological  disorder  were  excluded  from  the  analyses  pertaining  to  that  disorder. 
Additionally,  participants  who  tested  positive  for  the  HIV  virus  were  excluded  from  all 
analyses. 

History  of  psychoses  was  found  significantly  associated  only  with  current  marital  status 
(p<  0.001).  The  greater  history  was  among  participants  who  were  not  currently  married  at 
the  time  of  the  examination. 

History  of  alcohol  dependence  was  significantly  associated  with  occupation  (p =0.009), 
with  the  highest  percentage  among  the  enlisted  flyers.  Participants  with  only  a  high  school 
education  displayed  a  higher  history  of  alcohol  dependence  (p=0.007),  as  did  those 
participants  with  a  current  total  household  income  less  than  or  equal  to  $55,000  (p <0.001). 
The  higher  history  of  alcohol  dependence  was  among  those  participants  not  currently  married 
(p<  0.001).  Participants  who  were  not  married  at  the  time  of  the  examination  also 
demonstrated  a  significantly  higher  history  of  drug  dependence  (p =0.022). 
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Table  12-2. 

Number  of  Participants  with  Missing  Data  for,  or  Excluded  from, 
the  Psychological  Assessment 


iiiiiiiiiiiiiiiiiililii 

Group 

Biordn 

(Raucb  Hands  Only) 

Categorized  Dioxin 

Yariabie 

Variable 

Use 

Randi 

Hand 

C<Hnparis<m 

Initial 

Current 

Ranch 

£bnd 

CtNoiparison 

12  SCL-90-R 
T-Scores 

DEP 

1 

1 

1 

1 

1 

1 

Current  Alcohol 
Use 

COV 

10 

18 

7 

9 

9 

16 

Lifetime  Alcohol 
History 

COV 

22 

21 

13 

20 

20 

18 

Current  Total 
Household  Income 

COV 

11 

18 

4 

11 

11 

15 

Current 

Employment 

COV 

0 

2 

0 

0 

0 

2 

Current  Marital 
Status 

COV 

0 

2 

0 

0 

0 

0 

Pre-SEA  Alcohol 
Dependence 

EXC 

0 

1 

0 

0 

0 

0 

Pre-SEA  Anxiety 

EXC 

5 

3 

.  2 

4 

4 

3 

Pre-SEA  Other 
Neuroses 

EXC 

13 

12 

6 

13 

13 

11 

HIV  Positive 

EXC 

3 

1 

2 

3 

3 

1 

Abbreviations:  DEP  =  Dependent  variable  (missing  data). 
COV  =  Covariate  (missing  data). 

EXC  =  Exclusion. 


Note:  952  Ranch  Hands  and  1,281  Conq)arisons; 

520  Ranch  Hands  for  initial  dioxin;  894  Ranch  Hands  for  current  dioxin; 
894  Ranch  Hands  and  1,063  Comparisons  for  categorized  dioxin. 

One  Ranch  Hand  missing  total  lipids  for  current  dioxin. 
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The  anxiety  variable  was  significantly  associated  with  age,  indicating  younger 
participants  had  a  higher  history  of  anxiety  (p =0.041).  Occupation  also  was  significantly 
associated  with  anxiety  (p< 0.001),  with  the  highest  history  of  anxiety  among  enlisted 
groimdcrew,  followed  by  enlisted  flyers  and  then  officers.  Additionally,  education  level  and 
cmrent  total  household  income  each  demonstrated  a  significant  inverse  association  with 
anxiety  (p<X).001  for  both  associations).  Those  participants  only  a  high-school  education 
and  those  with  an  income  of  less  than  or  equal  to  $55,000  had  a  higher  incidence  of  anxiety. 
Participants  who  were  currently  unmarried  at  the  time  of  the  examination  exhibited  a 
significantly  higher  history  of  anxiety  than  participants  who  were  currently  married 

(p=0.001). 


Tests  for  the  other  neuroses  variable  revealed  several  highly  significant  associations. 
Among  the  occupational  strata,  enlisted  flyers  exhibited  the  most  history  of  other  neuroses 
(p<  0.001).  Also,  a  significant  association  between  other  neuroses  and  lifetime  alcohol 
history  was  found  (p<0.001).  The  history  of  other  neuroses  increased  as  the  number  of 
drink-years  increased.  Significantly  higher  histories  of  other  neuroses  were  found  for  the 
high-school-educated  participants,  those  with  a  current  total  household  income  less  than  or 
equal  to  $55,000,  those  not  currently  employed,  and  participants  not  currently  married 
(p<0.001,  p<0.001,  p=0.040,  and  p<0.001  respectively). 

SCL-90-R  anxiety  and  SCL-90-R  depression  scores  displayed  similar  association  test 
results.  Enlisted  groundcrew  exhibited  the  greatest  percentage  of  high  SCL-90-R  anxiety 
T-scores  and  enlisted  flyers  exhibited  the  greatest  percentage  of  high  SCL-90-R  depression 
T-scores  (p<  0.001  for  each  of  the  associations  with  occupation).  The  greatest  percentage  of 
high  T-scores  for  both  SCL-90-R  anxiety  and  SCL-90-R  depression  were  among  participants 
in  the  greater  than  40  drink-years  category  (p=0.005  and  p=0.003  respectively  for 
associations  with  lifetime  alcohol  history).  The  0  drink-years  category  was  next  highest  for 
both  variables,  followed  by  the  greater  than  0  to  40  drink-years  category.  Both  scores  were 
highest  for  the  high-school-educated  participants  (p<  0.001  for  each  score),  participants  with 
a  current  total  household  income  less  than  or  equal  to  $55,000  (p<  0.001  for  each),  those  not 
currently  employed  (p=0.010  and  p=0.001  respectively),  and  participants  not  currently 
married  (p=0.002  and  p <0.001  respectively). 

The  SCL-90-R  hostility  score  and  occupation  were  found  to  be  significantly  associated 
with  the  largest  percentage  of  high  T-scores  among  the  enlisted  flyers  (p<  0.001).  The 
association  with  lifetime  alcohol  history  was  also  significant  (p =0.020).  The  percentage  of 
high  T-scores  increased  as  the  number  of  drink-years  increased.  Significant  associations  also 
were  found  with  each  of  education  and  current  total  household  income  (p<  0.001  and 
p =0.001  respectively).  T-scores  were  highest  for  the  high-school-educated  participants  and 
those  with  a  current  total  household  income  less  than  or  equal  to  $55,000. 

The  percentages  of  SCL-90-R  interpersonal  sensitivity  T-scores  decreased  with  age 
(p=0.009)  and  occupation  (p<0.001;  enlisted  groundcrew  exhibited  the  highest  percentage). 
Participants  whose  highest  education  level  was  high  school,  participants  whose  current  total 
household  income  was  less  than  or  equal  to  $55,000,  and  participants  who  were  not  currently 
married  each  displayed  the  larger  percentages  of  high  SCL-90-R  interpersonal  sensitivity 
T-scores  (p<0.001,  p<0.001,  and  p=0.001  respectively). 
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Examination  of  SCL-90-R  obsessive-compulsive  behavior  revealed  a  significant 
association  with  occupation  (p< 0.001),  with  the  greatest  percentage  of  high  T-scores  among 
the  enlisted  flyers.  Lifetime  alcohol  history  also  was  associated  with  obsessive-compulsive 
behavior,  with  the  largest  percentage  among  participants  with  more  than  40  drink-years 
(p=0.003).  Similar  to  other  SCL-90-R  measurements,  the  larger  percentage  of  high 
obsessive-compulsive  T-scores  were  for  the  high-school-educated  participants  (p  <0.001), 
participants  with  a  current  total  household  income  less  than  or  equal  to  $55,000  (p<0.00p, 
and  those  not  currently  employed  (p =0.003). 

The  percentage  of  high  SCL-90-R  paranoid  ideation  T-scores  was  greater  for  Blacks 
than  non-Blacks  and  higher  for  enlisted  groundcrew  and  enlisted  flyers  than  for  officers 
(p=0.016  and  p <0.001  respectively).  As  the  number  of  lifetime  drink-years  of  alcohol 
increased,  the  percentage  of  high  T-scores  also  increased  ^=0.017).  Larger  percentages  of 
high  T-scores  were  found  among  participants  who  were  high-school  educated  only  (p<  0.001) 
and  among  participants  with  a  current  total  household  income  less  than  or  equal  to  $55,000 
(p<  0.001).  Participants  not  currently  married  also  displayed  the  higher  percentage  of  high 
T-scores  (p =0.005). 

Several  covariates  demonstrated  a  significant  association  with  SCL-90-R  phobic  anxiety. 
Occupation  was  significantly  associated  (p<  0.001)  and  percentages  of  high  T-scores 
increased  firom  officers  to  enlisted  flyers  to  enlisted  groundcrew.  The  association  with 
current  alcohol  use  was  also  significant,  with  the  heaviest  current  drinkers  (greater  than  4 
drinks  per  day)  having  the  largest  percentage  of  high  T-scores  (p =0.010),  The  lifetime 
alcohol  history  association  also  was  significant  and  displayed  the  greatest  percentage  of  high 
T-scores  among  participants  in  the  0  drink-years  stratum  (p=0.017).  Sigmficantly  higher 
percentages  of  high  T-scores  also  were  found  for  the  high-school-educated  participants, 
participants  with  a  current  total  household  income  less  than  or  equal  to  $55,000,  those  not 
currently  employed,  and  those  not  currently  married  (p<  0.001  for  education,  ciurent  total 
household  income,  and  current  employment;  p=0.009  for  current  marital  status). 

Tests  of  association  involving  SCL-90-R  psychoticism  revealed  significantly  more 
Blacks  than  non-Blacks  had  a  higher  T-score  (p=0.042),  and  percentages  of  high  T-scores 
increased  from  officers  to  enlisted  flyers  to  enlisted  groundcrew  (p< 0.001).  The  lifetime 
alcohol  history  association  also  was  significant  (p=0.005).  Participants  in  the  greater  than 
40  drink-years  category  displayed  the  largest  percentage  of  high  T-scores.  Greater 
percentages  of  high  T-scores  were  found  for  high-school-educated  participants  and  among 
those  with  a  current  total  household  income  less  than  or  equal  to  $55,000  (p<  0.001  for  both 
tests).  Participants  indicating  that  they  were  not  currently  employed,  and  those  not  currently 
married  also  displayed  the  larger  percentage  of  high  T-scores  (p=0.001  and  p=0.004 
respectively). 

SCL-90-R  somatization  was  significantly  associated  with  occupation  (p<  0.001), 
education  (p<  0.001),  current  total  household  income  (p<  0.001),  current  employment 
(p=0.001),  and  current  marital  status  (p< 0.001).  Results  were  similar  to  the  results 
observed  for  SCL-90-R  psychoticism. 
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Results  of  association  tests  involving  SCL-90-R  global  severity  index  and  SCL-90-R 
positive  symptom  total  were  sunilar.  Enlisted  groundcrew  and  those  participants  with  more 
than  40  lifetime  drink-years  of  alcohol  exhibited  the  greatest  percentage  of  high  T-scores  for 
both  variables  (p  <0.001  for  each  test).  Patterns  of  percentages  of  high  T-scores  for  both 
variables  for  education,  current  total  household  income,  current  employment,  and  current 
marital  status  are  similar  in  direction  and  significance  to  patterns  for  SCL-90-R  psychoticism 
(p<  0.001  for  education,  current  total  household  income,  and  current  marital  status;  p =0.006 
and  p=0.005  respectively,  for  the  associations  between  current  employment  and  the  SCL-90- 
R  global  severity  index  and  SCL-90-R  positive  symptom  total). 

Occupation,  current  alcohol  use,  education,  and  current  total  household  income  were 
significantly  associated  with  the  SCL-90-R  positive  symptom  distress  index.  The  enlisted 
flyer  stratum  and  the  greater  than  4  drinks  per  day  stratum  of  current  alcohol  use 
demonstrated  die  largest  percentages  of  high  T-scores  (p<0.001  and  p=0.017  respectively). 
The  high-school-educated  participants  exhibited  a  larger  percentage  of  high  T-scores  than 
college  graduates  (p=0.0{)4),  and  participants  with  a  current  total  household  income  less  than 
or  equal  to  $55,000  displayed  a  higher  percentage  of  high  T-scores  than  participants  in  the 
greater  than  $55,000  category  (p< 0.001). 

In  summary,  few  variables  were  significantiy  associated  with  age,  race,  and  current 
alcohol  use,  while  most  variables  were  associated  with  occupation,  lifetime  alcohol  history, 
education,  current  total  household  income,  current  employment,  and  current  marital  stams. 

No  variables  were  found  significandy  associated  with  current  parental  stams  or  combat 
service. 

Exposure  Analysis 

The  following  section  presents  results  of  the  statistical  analyses  of  the  dependent 
variables  shown  in  Table  12-1.  Dependent  variables  are  grouped  into  two  sections;  those 
derived  and  verified  from  a  review  of  medical  records  and  data  obtained  during  the  1992 
psychological  examination. 

Unadjusted  and  adjusted  analyses  of  six  models  are  presented  for  each  variable.  Model 
1  examines  the  relationship  between  the  dependent  variable  and  group  (Ranch  Hand  or 
Comparison).  Model  2  explores  the  relationship  between  the  dependent  variable  and  m 
extrapolated  initial  dioxin  measure  for  Ranch  Hands  who  had  a  1987  dioxin  measurement 
greater  than  10  ppt.  If  a  participant  did  not  have  a  1987  dioxin  level,  a  1992  level  was  used. 
A  statistical  adjustment  for  the  percent  of  body  fat  at  the  participant’s  time  of  duty  in  SEA 
and  the  change  in  the  percent  of  body  fat  from  the  time  of  duty  in  SEA  to  the  date  of  the 
blood  draw  for  dioxin  is  included  in  this  model  to  account  for  body-fat-related  difference  in 
elimination  rate  (37).  Model  3  dichotomizes  the  Ranch  Hands  in  Model  2  based  on  their 
initial  dioxin  measures;  these  two  categories  of  Ranch  Hands  are  referred  to  as  the  “low 
Ranch  Hand”  category  and  the  “high  Ranch  Hand”  category.  These  participants  are  added 
to  Ranch  Hands  and  Comparisons  with  current  serum  dioxin  levels  (1987,  if  available;  1992, 
if  the  1987  level  was  not  available)  at  or  below  10  ppt  to  create  a  total  of  four  categories. 
Ranch  Hands  with  current  serum  dioxin  levels  at  or  below  10  ppt  are  referred  to  as  the 
“background  Ranch  Hand”  category.  The  relationship  between  the  dependent  variable  in 
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each  of  the  three  Ranch  Hand  categories  and  the  dependent  variable  in  the  “Comparison” 
category  is  examined.  A  fourth  contrast,  exploring  the  relationship  of  the  dependent  variable 
in  the  low  Ranch  Hand  category  and  the  high  Ranch  Hand  category  combined,  also  is 
conducted.  This  combination  is  referred  to  in  the  text  and  tables  as  the  “low  plus  high 
Ranch  Hand”  category.  As  in  Model  2,  a  statistical  adjustment  is  made  for  the  percent  of 
body  fat  at  the  participant’s  time  of  duty  in  SEA  and  the  change  in  the  percent  body  fat  from 
the  time  of  duty  in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 

Models  4,  5,  and  6  examine  the  relationship  between  the  dependent  variable  and  1987 
dioxin  levels  in  all  Ranch  Hands  with  a  dioxin  measurement.  If  a  participant  did  not  have  a 
1987  dioxin  measurement,  a  1992  measurement  was  utilized  in  determining  the  current 
dioxin  level.  The  measure  of  dioxin  in  Model  4  is  lipid-adjusted,  whereas  whole-weight 
dioxin  is  used  m  Models  5  and  6.  Model  6  differs  from  Model  5  in  that  a  statistical 
adjustment  for  total  lipids  is  included  in  Model  6.  Details  on  dioxin  and  the  modeling 
strategy  are  found  in  Chapters  2  and  7  respectively. 

Results  of  investigations  for  group-by-covariate  and  dioxin-by-covariate  interactions  are 
referenced  in  the  text,  and  tabular  results  are  presented  in  Appendix  H-2.  As  described 
previously,  additional  analyses  are  performed  when  occupation  was  retained  in  the  final 
models  for  Models  2  through  6.  Results  excluding  occupation  from  these  models  are  shown 
in  Appendix  H-3,  and  dioxin-by-co variate  interactions  with  occupation  excluded  from  these 
models  are  presented  in  Appendix  H-4.  Results  from  analyses  excluding  occupation  are 
discussed  in  the  text  only  if  a  meaningful  change  in  the  results  occurred  (that  is,  changes 
between  significant  results,  marginally  significant  results,  and  nonsignificant  results). 

Verified  Medical  Records  Variables 

Psychoses 

All  unadjusted  and  adjusted  analyses  of  a  history  of  psychoses  for  Models  1-6  were 
nonsignificant  (Table  12-3(a-f):  p>0.24  for  all  analyses).  Current  total  household  income 
and  current  marital  status  were  significant  covariates  for  each  adjusted  model.  Model  1  also 
adjusted  for  the  effects  of  race  and  lifetime  alcohol  history.  Combat  service  was  additionally 
significant  for  Models  2,  4,  5,  and  6. 

Alcohol  Dependence 

Results  from  the  Model  1  unadjusted  and  adjusted  analyses  of  a  history  of  alcohol 
dependence  were  nonsignificant  (Table  12-4(a,b):  p>0.25  for  each  contrast).  Adjusted 
results  were  based  on  the  final  model  after  deletion  of  the  significant  group-by-current 
marital  status  interaction.  Current  total  household  income  and  current  parental  status  also 
were  significant  in  the  final  adjusted  model.  Appendix  Table  H-2-1  presents  results  stratified 
by  current  marital  status. 
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Table  12-3. 
Analysis  of  Psychoses 


a)  MODEL  1:  RANCH  HANDS  VS. 

COMPARISONS 

—  UNADJUSTED 

Ocoipaitkaal  Category 

Givap 

& 

Percent 

Yes 

Est.  Rdative  iSii: 
(95%  C.I.) 

p-Value 

All 

Ranch  Hand 

949 

2.9 

0.98  (0.60,1.63) 

0.999 

Comparison 

1,280 

2.9 

Officer 

Ranch  Hand 

367 

1.9 

0.96  (0.36,2.53) 

0.999 

Comparison 

501 

2.0 

Enlisted  Flyer 

Ranch  Hand 

162 

4.3 

2.25  (0.65,7.81) 

0.319 

Comparison 

203 

2.0 

Enlisted  Groundcrew 

Ranch  Hand 

420 

3.1 

0.77  (0.38,1.53) 

0.563 

Comparison 

576 

4.0 

b)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS  -  ADJUSTED 

Occupational  Category 

Ad!j.  Relative  Risk 
(95%  C.I.) 

p-Value 

Covariate  Remarks'^ 

An 

1.04  (0.62,1.73) 

0.888 

RACE  (p =0.105) 

Officer 

1.10(0.40,3.01) 

0.849 

DRKYR  (p =0.076) 

INC  (p=0.009) 

Enlisted  Flyer 

2.10  (0.60,7.41) 

0.247 

MARITAL  (p  <0.001) 

Enlisted  Groundcrew 

0.80  (0.40,1.63) 

0.545 

^  Covariates  and  associated  p-values  correspond  to  final  model  based  on  all  participants  with  available  data. 
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Table  12-3.  (Continued) 
Analysis  of  Psychoses 


c)  MODEL  2:  RANCH  HANDS  -  INHIAL  DIOXB^  -  UNADJUSTED 


Iniiid  IKoxin-Cat^oiy  Summaiy  Statistics 

Analysis  Results  for  L(^  (lidtial  Dioxii(l^ 

Ijiittai  Dioxin 

n 

Parent 

Yes 

E^intated  Rdative  Rislt 
(95^  C.L)^ 

p-Value 

Low 

174 

5.2 

0.91  (0.62,1.33) 

0.604 

Mediiun 

173 

1.2 

High 

171 

4.1 

d)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  -- 

ADJUSTED 

Analysis  Residts  for  Logj  (biitiai  Dioxin)^ 

n 

Adj.  Relative  Risk  (95%  C.L)'’  p-Value 

Covariate  Remarks 

514 

0.81  (0.54,1.22)  0.302 

INC  (p =0.090) 
MARITAL  (p =0.009) 
COMBDAYS  (p  =0.126) 

®  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 

Relative  risk  for  a  twofold  increase  in  initial  dioxin. 

Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  "Covariate  Remarks"  column. 

Note:  Low  =  39-98  ppt;  Medium  =  >98-232  ppt;  High  =  >232  ppt. 
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Table  12-3.  (Continued) 
Analysis  of  Psychoses 


€)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  - 

-DNADHJSrrED 

IKcndn  Cat«^ry 

fi 

Percent 

Yes 

Relative  Ride 
•  (95%  C.L)®^  . 

p^Valne 

Comparison 

1,062 

3.0 

Background  RH 

373 

1.9 

0.67  (0.29,1.53) 

0.336 

LowRH 

260 

3.5 

1.13  (0.53,2.42) 

0.745 

HighRH 

258 

3.5 

1.07  (0.50,2.28) 

0.867 

Low  plus  High  RH 

518 

3.5 

1.10  (0.61,1.99) 

0.753 

f)  MODEL  3: 

RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  —  ADJUSTED 

Dioxin  Cat^<»y 

n 

Adj.  Rdative  Risk 
(95%  C.L)^ 

p-Value 

Covariate  Rraiarlcs 

Comparison 

1,047 

INC  (p =0.097) 

MARITAL  (p <0.001) 

Background  RH 

366 

0.76  (0.33,1.77) 

0.525 

LowRH 

256 

1.21  (0.56,2.58) 

0.631 

HighRH 

258 

0.95  (0.44,2.06) 

0.897 

Low  plus  High  RH 

514 

1.07  (0.59,1.94) 

0.834 

^  Relative  risk  and  confidence  interval  relative  to  Comparisons. 

*’  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  firom  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 

^  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  imder  "Covariate  Remarks"  column. 

Note:  RH  =  Ranch  Hand. 

Comparison:  Current  Dioxin  ^  10  ppt. 

Backgroimd  (Ranch  Hand):  Current  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  Current  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  143  ppt. 

High  (Ranch  Hand):  Current  Dioxin  >  10  ppt.  Initial  Dioxin  >  143  ppt. 
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Table  12-3.  (Continued) 
Analysis  of  Psychoses 


g)  MODELS  5,  ArO>6;  RA?«:H  HANDS  -  CURRENT  DIOXIN  -  DNADJDSTED 


Current  Dio:dn  Cat^ory 

Anal^s  Residts  for 

- 

Pa-cent  Yes/(n> 

(Currait  IHoxta  +  1) 

EsL  Relative  Riidi 

Model^ 

Low 

Medium 

High 

(95%  C.!.)*" 

p-Vahie 

4 

2.0 

3.3 

3.0 

1.10(0.84,1.43) 

0.495 

(294) 

(300) 

(297) 

5 

1.7 

3.7 

3.1 

1.13  (0.89,1.42) 

0.324 

(299) 

(297) 

(295) 

6*= 

1.7 

3.7 

3.1 

1.06  (0.82,1.37) 

0.650 

(298) 

(297) 

(295) 

h)  MODELS  4,  5,  AND  6:  RANCH  HAN1»  — 

CURRHSJT  DIOXIN  —  ADJUSTED 

MadeF 

n 

Analysis  Residts  for  Log^  (Cuiroit  l^oxin  +  1) 

Relative  Risk 

(95%  C.L)’’  p-Valne  Covariate  Remarks 

4 

880 

1.00  (0.76,1.32) 

0.983 

INC  (p=0.041) 

MARITAL  (p=0.001) 

COMBDAYS  (p=0.113) 

5 

880 

1.04  (0.82,1.32) 

0.749 

INC  (p =0.048) 

MARITAL  (p <0.001) 

COMBDAYS  (p =0.122) 

6^ 

879 

0.98  (0.76,1.27) 

0.881 

INC  (p =0.052) 

MARITAL  (p=0.001) 

COMBDAYS  (p=0.107) 

*  Model  4:  Log2  Gipid-adjusted  current  dioxin  +1). 

Model  5:  Log2  (whole-weight  current  dioxin  +  1). 

Model  6:  Log2  (whole-weight  current  dioxin  -I-  1),  adjusted  for  log2  total  lipids. 

Relative  risk  for  a  twofold  increase  in  current  dioxin. 

Adjusted  for  log2  total  lipids. 

Adjusted  for  log2  total  lipids  in  addition  to  covariates  specified  under  "Covariate  Remarks"  column. 

Note:  Model  4:  Low  =  ^  8.1  ppt;  Medium  =  >8.1-20.5  ppt;  High  =  >20.5  ppt. 

Models  5  and  6:  Low  =  <  46  ppq;  Medium  =  >46-128  ppq;  High  =  >  128  ppq. 
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Table  12-4. 

Analysis  of  Alcohol  Dependence 


a)  MODEL  It  RANCH  HANDS  VS. 

COMPARISONS 

—  UN^Ul^Sl^ 

Ocoipational  Category 

Group  . 

n 

••  Percent  ■ 

■  Yes  "v. 

Est.  Retire  Ri^ :  ' 

■■  (95%  G.:L)  v: 

p-V^e 

All 

Ranch  Hand 

949 

7.5 

I.I5  (0.83,1.60) 

0.451 

Comparison 

1,279 

6.6 

Officer 

Ranch  Hand 

367 

4.6 

0.89  (0.47,1.66) 

0.829 

Comparison 

501 

5.2 

Enlisted  Flyer 

Ranch  Hand 

162 

9.9 

1.20  (0.59,2.45) 

0.754 

Comparison 

203 

8.4 

Enlisted  Groundcrew 

Ranch  Hand 

420 

9.1 

1.30  (0.82,2.05) 

0.324 

Comparison 

575 

7.1 

b)  MODEL  1 

RANCH  HANDS  VS.  COMPARISONS  -  ADJUSTED 

Adj.  Ri^adlTe  ffisk  v  J 

Occupational  Category 

(95%  C.L) 

"■'•’■p-yalue 

Covariate  Remarks^ 

All 

1.17  (0.84,1.64)** 

0.355** 

GROUP*MARITAL  (p =0.026) 

Officer 

0.92  (0.49,1.73)** 

0.789** 

INC  (p <0.001) 
PARENT  (p =0.080) 

Enlisted  Flyer 

1.21  (0.58,2.53)** 

0.621** 

Enlisted  Groundcrew 

1.32  (0.82,2.12)** 

0.256** 

^  Covariates  and  associated  p-values  correspond  to  final  model  based  on  all  participants  with  available  data. 


**  Group-by-covariate  interaction  (0.01  <p<0.05);  adjusted  relative  risk,  confidence  interval,  and  p-value 
derived  from  a  model  fitted  after  deletion  of  this  interaction;  refer  to  Appendix  Table  H-2-1  for  further 
analysis  of  this  interaction. 
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Table  12-4.  (Continued) 
Analysis  of  Alcohol  Dependence 


c)  MODEL  2:  RANCH  HANDS -INIIIAL  DIOXIN  — UNADJUSTED 

Initial  IMoxiri  Cat^ry  Sinnmary  Statistics 

Percent 

Initial  Dioxm  n  Yes 

Analysis  Results  for  Log2  (biitial  Dioxni)® 

Estimated  Relative  Risk 

(95%  C.L)^  p-Value 

Low  174  8.6 

Medium  173  4.6 

High  171  9.4 

1.05  (0.81,1.35)  0.722 

d)  MODEL  2:  RANCH  HANDS  -  INHIAL  DIOXIN  -  ADJUSTED 


Ana^is  Results  for  Log^  (Initial  Dioxin)® 
Adj.  Relative  Risk  <95%  C.l.)'’  p-V<doe _ 


Covariate  Remarks 


514 


1.06  (0.81,1.40) 


0.666 


RACE  (p  =0.096) 
INC  (p =0.016) 
PARENT  (p=0.071) 


*  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 


Relative  risk  for  a  twofold  increase  in  initial  dioxin. 


=  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  tme  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  "Covanate  Remarks  column. 


Note:  Low  =  39-98  ppt;  Medium  =  >98-232  ppt;  High  -  >232  ppt. 
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Table  12-4.  (Continued) 
Analysis  of  Alcohol  Dependence 


;  e)  MODEL  3t  R^CH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATECmY  —  l3WAlM[DSnnE3[>  1 


Diom  Cat^ory 

.  n 

Percmt 

.Yes 

.  Est.  R^tive 
(95% 

p-Valoe 

Coo^arison 

1,062 

6.4 

Background  RH 

373 

7.5 

1.18(0.74,1.87) 

0.484 

LowRH 

260 

7.7 

1.21  (0.72,2.03) 

0.475 

HighRH 

258 

7.4 

1.17  (0.69,1.99) 

0.557 

Low  plus  High  RH 

518 

7.5 

1.19  (0.79,1.79) 

0.404 

f)  MODEL  3: 

RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  —  ADJUSTED 

AdJ.  Relative  . 

Dioxiii  Category 

n 

(95%  C,L>«^ 

p-Va!ue 

Covarisde  Ronarks 

Comparison 

1,047 

INC  (p <0.001) 

MARITAL  (p  <0.001) 

Background  RH 

366 

1.34(0.83,2.16) 

0.227 

PARENT  (p =0.030) 

LowRH 

256 

1.16(0.67,1.98) 

0.599 

HighRH 

258 

1.04(0.61,1.80) 

0.879 

Low  plus  High  RH 

514 

1.10(0.72,1.67) 

0.666 

^  Relative  risk  and  confidence  interval  relative  to  Comparisons. 

^  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 

^  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  "Covariate  Remarks"  column. 

Note:  RH  =  Ranch  Hand. 

Comparison:  Current  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  Current  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  Current  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  143  ppt. 

High  (Ranch  Hand):  Current  Dioxin  >  10  ppt.  Initial  Dioxin  >  143  ppt. 


12-25 


Table  12-4.  (Continued) 
Analysis  of  Alcohol  Dependence 


g)  MODELS  4>  5,  AM>  <>t  RANCH  HANDS  -  CURRENT  DIOXIN  -  UNADJUSTED 


Modd^ 

Low 

Current  DioidB  Cat^ory 

Facent  Yes/(n) 

Medium  High 

Amdyas  Results  for  L<^2 
(Curroit  Dioxin  +  1) 

Est.  Relative  Risk 

(95%  C.I.f  p-Value 

4 

6.8 

8.3 

7.4 

0.98  (0.83,1.17) 

0.851 

(294) 

(300) 

(297) 

5 

7.4 

7.4 

7.8 

0.99  (0.85,1.14) 

0.865 

(299) 

(297) 

(295) 

6'= 

7.4 

7.4 

7.8 

0.95  (0.81,1.11) 

0.511 

(298) 

(297) 

(295) 

h)  MODELS  4,  5,  AND  6t  RANCH  HANDS- 

CURRENT  DIOXIN  —  ADJUSTED 

Analysis  Results  for  1x^2  (Cuirent  Dioxin  +  1) 

Adj.  Relative  Risk 

Model^ 

11 

(95%  CJ.f 

p-Value 

Covariate  Remarks 

4 

880 

0.86  (0.72,1.03) 

0.097 

EDUC  (p  =0.108) 

INC  (p  <0.001) 

COMBDAYS  (p= 

0.059) 

5 

880 

0.89  (0.77,1.03) 

0.122 

EDUC  (p =0.1 15) 

INC  (p  <0.001) 

COMBDAYS  (p= 

0.062) 

6*^ 

879 

0.84  (0.72,0.99) 

0.036 

EDUC  (p  =0.102) 

INC  (p  <0.001) 

COMBDAYS  (p= 

0.053) 

®  Model  4:  Logj  (lipid-adjusted  current  dioxin  +  1). 

Model  5:  Logz  (whole-weight  current  dioxin  +  1). 

Model  6:  Logj  (whole-weight  current  dioxin  -I-  1),  adjusted  for  logj  total  lipids. 

**  Relative  risk  for  a  twofold  increase  in  current  dioxin. 

Adjusted  for  logj  total  lipids. 

Adjusted  for  logj  total  lipids  in  addition  to  covariates  specified  under  "Covariate  Remarks"  column. 

Note:  Model  4:  Low  =  <  8.1  ppt;  Medium  =  >8.1-20.5  ppt;  High  =  >20.5  ppt. 

Models  5  and  6:  Low  =  <  46  ppq;  Medium  =  >46-128  ppq;  High  =  >128  ppq. 
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Analysis  of  associations  between  a  history  of  alcohol  dependence  and  dioxin  in  Models 
2  and  3  showed  nonsignificant  results  (Table  12-4(c-f):  p>0.22  for  all  analyses).  Current 
total  household  income  and  current  parental  status  were  each  significant  in  both  adjusted 
models.  Model  2  also  reflects  the  covariate  effect  of  race  and  Model  3  additionally  adjusted 
for  current  marital  status. 

Results  were  nonsignificant  from  the  unadjusted  analyses  of  a  history  of  alcohol 
dependence  for  Models  4,  5,  and  6  (Table  12-4(g):  p>0.51  for  each  analysis).  After 
covariate  adjustment,  Model  4  displayed  marginally  significant  results,  while  Model  6 
showed  a  significant  relationship  (Table  12-4(h):  p=0.097,  Adj.  RR=0.86;  and  p=0.036, 
Adj.  RR=0.84  for  Models  4  and  6  respectively).  Model  5  remained  nonsignificant  after 
adjustment  (Table  12-4(h):  p= 0.122).  Adjusted  analyses  of  Models  4  and  6  revealed  that  a 
history  of  alcohol  dependence  decreased  as  current  dioxin  levels  increased.  Each  model 
adjusted  for  education,  current  total  household  income,  and  combat  service. 

Drug  Dependence 

Due  to  the  sparse  history  of  drug  dependence  among  study  participants,  only  selected 
analyses  were  possible  and  are  discussed  below.  Only  one  Comparison  and  four  Ranch 
Hands  had  a  verified  history  of  drug  dependence. 

Model  1  analyses  of  drug  dependence  contrasting  Ranch  Hands  and  Comparisons  over 
all  occupations  and  the  within  the  enlisted  groundcrew  strata  were  nonsignificant  for  both  the 
unadjusted  and  adjusted  analyses  (Table  12-5(a,b):  p>0.31  for  each  contrast).  Age  and 
current  total  household  income  were  significant  covariates.  Differences  between  background 
Ranch  Hands  and  Comparisons  also  were  nonsignificant  firom  Model  3  analysis  (Table  12- 
5(e,f):  p>0.68  for  both  unadjusted  and  adjusted  contrasts).  Covariate  adjustment  included 
current  total  household  income  and  current  parental  stams.  Only  unadjusted  analyses  were 
possible  for  Models  4,  5,  and  6  and  each  result  was  nonsignificant  (Table  12-5(g):  p>0.17). 

Anxiety 

Model  1  contrasts  examining  differences  of  a  history  of  anxiety  between  Ranch  Hands 
and  Comparisons  were  nonsignificant  for  the  unadjusted  and  adjusted  analyses  (Table  12- 
6(a,b):  p>0.49  for  each  contrast).  Race,  occupation,  current  total  household  income,  and 
current  marital  status  displayed  significant  covariate  effects  in  the  final  model. 

Both  Model  2  analyses  were  nonsignificant  (Table  12-6(c,d):  p>0.13  for  each 
analysis).  Adjusted  results  were  based  on  the  final  model  after  the  deletion  of  the  significant 
interaction  between  initial  dioxin  and  occupation.  Age,  race,  and  current  employment  also 
were  significant  in  the  final  model.  Results  stratified  by  occupation  are  presented  in 
Appendix  Table  H-2-2. 

The  difference  between  high  Ranch  Hands  and  Comparisons  was  significant  in  the 
unadjusted  analysis  of  Model  3  (Table  12-6(e);  p=0.044,  Est.  RR=1.43),  but  was 
nonsignificant  in  the  adjusted  analysis  (Table  12-6(f):  p=0.915).  All  other  Model  3 
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Table  12-5. 

Analysis  of  Drug  Dependence 


a)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS  —  UNADJUSTED 


Occi^ational  Cat^ory 

Oroup  ' 

n 

Perctmt 

Yes 

£st.  Rdatire  Sisk 
(95%  C.I.) 

p-Value 

All 

Ranch  Hand 

949 

0.1 

0.34  (0.04,3.02) 

0.569 

Comparison 

1,280 

0.3 

Officer 

Ranch  Hand 

367 

0.0 

- 

— 

Comparison 

501 

0.2 

Enlisted  Flyer 

Ranch  Hand 

162 

0.0 

“ 

“ 

Comparison 

203 

0.0 

Enlisted  Groundcrew 

Ranch  Hand 

420 

0.2 

0.46  (0.05,4.40) 

0.850 

Comparison 

576 

0.5 

b)M<M)ELlt  RANCH  HANDS  VS.  COMPARISONS- ADJUSTED 

Occupattonai  Cat^ory 

AdJ.  Relative  Risk 

(95%  C.I.)  p-Value 

;  .  ;  Covarraite  Remarks® 

All  0.36  (0.04,3.23)  0.317 

Officer  “ 

Enlisted  Flyer  — 

Enlisted  Groimdcrew  0.49  (0.05,4.84)  0.517 

AGE  (p =0.023) 

INC  (p=0.022) 

®  Covariates  and  associated  p-values  correspond  to  final  model  based  on  all  participants  with  available  data. 


Relative  risk,  confidence  interval,  and  p-value  not  presented  due  to  the  sparse  number  of  abnormalities. 
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Table  12-5.  (Continued) 
Analysis  of  Drug  Dependence 


c)  MODEL  2i  RANCH  HANDS  -  INITIAL  DIOXIN  -  UNADJUSIED 


Initial  Diondn  Cat^oty  Summary  StaUstics  Analysis  Results  for  Logj  (Laitial  Dioan)^ 

Pocent  E^imated  RelaUve  Risk 


blitial  Dioxin 

tk 

Yes 

(95%  C.!.)” 

p-Vaiue 

Low 

174 

0.0 

- 

- 

Medium 

173 

0.0 

High 

171 

0.0 

d)  MODEL  2:  RANCH  HANDS -IlSpiAL'-lSfiiia^  ; 

'll''.-’ 

Analysts  Results  for  Logj  (Initial  Dioxin) 

Adj- Rdative  Risk  (95%  C.L)'’  p-Valiie  Covariate  Remarks 

- 

®  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 

Relative  risk  for  a  twofold  increase  in  imtial  dioxin. 

Analysis  not  performed  due  to  the  sparse  number  of  abnormalities. 

Note;  Low  =  39-98  ppt;  Medium  =  >98-232  ppt;  High  =  >232  ppt. 


12-29 


Table  12-5.  (Continued) 
Analysis  of  Drug  Dependence 


#M(®EL  3:  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  UNADJUSrrE3> 


;  'i:.' 

Percent 

Yes  . 

Relative  Ride  ■ 
(95%  CJ.}^ 

p-Valiie 

Comparison 

1,062 

0.3 

Backgroimd  RH 

373 

0.3 

0.62  (0.06,6.22) 

0.684 

Low  RH 

260 

0.0 

— 

HighRH 

258 

0.0 

— 

Low  plus  High  RH 

518 

0.0 

— 

f)  MODEL  3: 

RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  -  ADJUSTED 

Dioxin  Cat^eny 

n 

Adj.  Rdative  Risk 
(95%  c.i.y^ 

p-Value 

Covariate  Ronarfcs 

Comparison 

1,047 

INC  (p  =0.0 15) 

PARENT  (p=0.046) 

Background  RH 

366 

1.21  (0.11,13.45) 

0.787 

Low  RH 

256 

- 

— 

HighRH 

258 

- 

— 

Low  plus  High  RH 

514 

— 

” 

®  Relative  risk  and  confidence  interval  relative  to  Comparisons. 

Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 

'  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  tme  of  duty  in 
SEA  to  the  dafp  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  "Covariate  Remarks  column. 

Relative  risk,  confidence  interval,  and  p-value  not  presented  due  to  the  sparse  number  of  abnormalities. 


Note:  RH  =  Ranch  Hand. 

Comparison:  Current  Dioxin  <  10  ppt. 

Backgroxmd  (Ranch  Hand):  Current  Dioxin  <10  ppt. 

Low  (Ranch  Hand):  Current  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  143  ppt. 
High  (Ranch  Hand):  Current  Dioxin  >  10  ppt,  Initial  Dioxin  >  143  ppt. 
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Table  12-5.  (Continued) 
Analysis  of  Drug  Dependence 


g)  MODELS  4,  5,  AND  6:  RANCH  HANDS  —  CXiRRENT  DIOXIN  —  DNADIUSTED 


-  . 

CurreBt  IKoxlii  Cat^ory 
Percent  Yes/(o) 

Aumysis  Results  for  L<^2 
(Curroit  Dioxin  +  1) 

Est.  Rdteitive  Risk 

Model^ 

Low 

Medimn 

Hi^ 

(95%  C.!/ 

p-Value 

4 

0.3 

0.0 

0.36  (0.08,1.54) 

0.176 

(294) 

(300) 

(297) 

5 

0.0 

0.0 

0.55  (0.25,1.21) 

0.202 

(299) 

(297) 

(295) 

6*= 

0.3 

0.0 

0.0 

0.58  (0.23,1.47) 

0.320 

(298) 

(297) 

(295) 

h)  MODELS  4,  5,  AND  6:  RANCH  HANDS  -  CURRENT  DIOXIN  -  ADJOSTED 

ModeP 

Andysis  Results  for  Log2  (Cutmit 
Adj.  Retative  Risk 

B  (95%  C.L)’’  p-Value 

IKoxin  +  1) 

Covariate  Remarks 

4 

5 

6= 

-- 

®  Model  4:  Logz  (lipid-adjusted  current  dioxin  +  1). 

Model  5:  Logj  (whole-weight  current  dioxin  -t-  1). 

Model  6:  Log2  (whole-weight  current  dioxin  -I-  1),  adjusted  for  log2  total  lipids. 

Relative  risk  for  a  twofold  increase  in  current  dioxin. 

'  Adjusted  for  logj  total  lipids. 

Analyses  not  performed  due  to  the  sparse  number  of  abnormalities. 

Note:  Model  4:  Low  =  <  8.1  ppt;  Medium  =  >8.1-20.5  ppt;  High  =  >20.5  ppt. 

Models  5  and  6:  Low  =  <  46  ppq;  Medium  =  >46-128  ppq;  High  =  >128  ppq. 
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Table  12-6. 
Analysis  of  Anxiety 


a)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS 

—  CNADJOSTED 

Occupattonai  Cat^ory 

. .  Group 

n 

Percent  Est.  Rdative  ffisk 

Yes  (95%  C.I.) 

p-Value 

All 

Ranch  Hand 

944 

14.8 

1.06  (0.84,1.35) 

0.670 

Comparison 

1,277 

14.1 

Officer 

Ranch  Hand 

366 

6.8 

1.08  (0.63,1.85) 

0.903 

Comparison 

501 

6.4 

Enlisted  Flyer 

Ranch  Hand 

161 

16.8 

1.00  (0.58,1.74) 

0.999 

Comparison 

203 

16.8 

Enlisted  Groundcrew 

Ranch  Hand 

417 

21.1 

1.08  (0.79,1.47) 

0.700 

Comparison 

573 

19.9 

b)  MODEL  1 

RANCH  HANDS  VS.  COMPARISONS  -  ADJUSTED 

Adj.  Relative  Risk 

Occupational  Cat^iy  ) 

■  ■  .(95%:C.L)... 

.  p- Value 

Covariate  Remarks® 

All 

1.09  (0.85,1.39) 

0.499 

RACE  (p =0.035) 

OCC  (p  <0.001) 

Officer 

1.07  (0.62,1.85) 

0.809 

INC  (p  <0.001) 

Enlisted  Flyer 

1.04  (0.59,1.82) 

0.899 

MARITAL  (p=0.045) 

Enlisted  Groundcrew 

1.11  (0.81,1.52) 

0.506 

®  Covariates  and  associated  p-values  correspond  to  final  model  based  on  all  participants  with  available  data. 
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Table  12-6.  (Continued) 
Analysis  of  Anxiety 


c)  MODEL  2:  RANCH  HANDS  —  INITIAL  DIOXDJ  —  UNADJUSTED 

fnirtai  Dioxfu  Category  Summary  Statistics 

Percent 

luitlal  Dioxin  n  Yes 

Analysis  Results  for  Log2  (Initial  Diorin)* 

E^imated  Relative  Risk 

(95%  C.!.)**  p-Value 

Low  173  12.1 

Medium  173  19.1 

High  170  18.2 

1.14(0.96,1.35)  0.139 

d>  MODBl  2:  RANCH  HANDS  -  INiriAL  DIOXIN  APJUSTEP 


Analysis  Results  for  Xxtgj  (Initial  Dioxin)*^ 
Adj.  Relative  Risk  (95%  C-l.)**  p-Value 


Covariate  Remarks 


516 


0.94  (0.77,1.16)** 


0.574** 


INIT*OCC  (p =0.037) 
AGE  (p=0.028) 
RACE  (p=0.037) 
EMPLOY  (p =0.001) 


®  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 


Relative  risk  for  a  twofold  increase  in  initial  dioxin. 

<=  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  "Covariate  Remarks"  column. 

**  Log2  (initial  dioxin)-by-covariate  interaction  (0.01  <p<0.05):  adjusted  relative  risk,  confidence  interval,  and 
p-value  derived  from  a  model  fitted  after  deletion  of  this  interaction;  refer  to  Appendix  Table  H-2-2  for 
further  analysis  of  this  interaction. 

Note:  Low  =  39-98  ppt;  Medium  =  >98-232  ppt;  High  =  >232  ppt. 

INIT  =  Log2  (initial  dioxin). 
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Table  12-6.  (Continued) 
Analysis  of  Anxiety 


e)  MODEL  3:  JRANCH  HANDS  AND  COMPARISONS  BY  DIOXDJ  CATEGORY  —  IgifADIUSTED 


moxin  Categoiy 

n 

Percent  . 

■  Yes 

Est.  Rdative  Rfcat 
(95%  C.L)^ 

p-Valne 

Comparison 

1,059 

14.8 

Background  RH 

371 

13.5 

0.91  (0.64,1.28) 

0.585 

Low  RH 

259 

12.7 

0.84  (0.56,1.26) 

0.395 

HighRH 

257 

20.2 

1.43  (1.01,2.04) 

0.044 

Low  plus  High  RH 

516 

16.5 

1.12(0.84,1.50) 

0.433 

f)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  -  ADJUSTED 


Covariate  RanatlES ; 


IMoxin  Cathey 

n 

AdJ.  Rdative 
(95% 

piVailw 

Comparison 

1,044 

Background  RH 

364 

1.27  (0.88,1.84) 

0.203 

LowRH 

255 

0.91  (0.60,1.37) 

0.639 

HighRH 

257 

1.02  (0.71,1.46) 

0.915 

Low  plus  High  RH 

512 

0.97  (0.72,1.31) 

0.840 

RACE  (p=0.055) 
OCC  (p  <0.001) 
INC  (p =0.005) 
MARITAL  (p=0.037) 


®  Relative  risk  and  confidence  interval  relative  to  Comparisons. 

Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 

Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  "Covariate  Remarks"  column. 

Note:  RH  =  Ranch  Hand. 

Comparison:  Current  Dioxin  ^  10  ppt. 

Background  (Ranch  Hand):  Current  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  Current  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  143  ppt. 

High  (Ranch  Hand):  Current  Dioxin  >  10  ppt.  Initial  Dioxin  >  143  ppt. 
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Table  12-6.  (Continued) 
Analysis  of  Anxiety 


j)  MODELS  4,  5,  AND  6:  RANCH  HANDS  -  CURRENT  DIOXIN  -  UNADJUSTED 

-  - 

Current  IHoxin  Cat^ory 
Percent  Yes/(B) 

Analy^  Residts  for  L(%2 
(Curran  JMoxin  +  1) 

Est.  Relative  RMi 

Mod#  1 

Low 

Medium 

High 

(95%  C-L)” 

p-Yalue 

4 

14.0 

(292) 

12.4 

(299) 

19.3 

(296) 

1.13  (1.00,1.28) 

0.056 

5 

13.5 

(297) 

13.2 

(296) 

19.1 

(294) 

1.12  (1.00,1.25) 

0.041 

6® 

13.5 

(296) 

13.2 

(296) 

19.1 

(294) 

1.09  (0.97,1.22) 

0.154 

h)  MODELS  4,  5»  AND  6:  RANCH  HANDS  —  CURRENT  DIOXIN  —  ADJUSTED 


n 

Analysis  Results  for  Logj  (Current  IMoxin  +  1) 

Adj.  Relative  Risk 

(95%  C.L)’’  p- Value  Covariate  Ranarics 

4 

887 

0.94  (0.82,1.07) 

0.343 

RACE  (p=0.010) 

OCC(p  <0.001) 

EMPLOY  (p =0.022) 

MARITAL  (p =0.069) 

5 

887 

0.96  (0.85,1.08) 

0.495 

RACE  (p =0.011) 

OCC  (p <0.001) 

EMPLOY  (p =0.021) 

MARITAL  (p =0.069) 

6** 

886 

0.92  (0.81,1.04) 

0.197 

RACE  (p=0.015) 

OCC  (p<  0.001) 

EMPLOY  (p =0.021) 

MARITAL  (p=0.081) 

®  Model  4:  Log2  (lipid-adjusted  current  dioxin  -I-  1). 

Model  5;  Logj  (whole-weight  current  dioxin  +  1). 

Model  6;  Log2  (whole-weight  current  dioxin  +  1),  adjusted  for  log2  total  lipids. 

Relative  risk  for  a  twofold  increase  in  current  dioxin. 

Adjusted  for  log2  total  lipids. 

**  Adjusted  for  logj  total  lipids  in  addition  to  covariates  specified  under  "Covariate  Remarks"  column. 

Note:  Model  4;  Low  =  <  8.1  ppt;  Medium  =  >8.1-20.5  ppt;  High  =  >20.5  ppt. 

Models  5  and  6:  Low  =  ^  46  ppq;  Medium  =  >46-128  ppq;  High  =  >  128  ppq. 
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contrasts  were  nonsignificant  (Table  12-6(e,f):  p>0.20  for  all  remaining  contrasts). 
Significant  covariates  in  the  adjusted  analysis  included  race,  occupation,  current  total 
household  income,  and  current  marital  status. 

The  Model  4  unadjusted  analysis  of  anxiety  revealed  a  marginally  significant  association 
between  current  dioxin  and  history  of  anxiety  (Table  12-6(g):  p=0.056,  Est.  RR=1.13). 
Results  were  significant  from  the  Model  5  unadjusted  analysis  (Table  12-6(g):  p=0.041, 

Est.  RR=1.12).  Both  analyses  suggest  that  the  greater  percentage  of  those  reporting  a 
history  of  anxiety  among  Ranch  Hands  were  those  with  the  highest  levels  of  current  dioxin. 
The  test  of  association  was  nonsignificant  for  the  Model  6  unadjusted  analysis  as  well  for  the 
adjusted  analysis  for  each  of  Models  4,  5,  and  6  (Table  12-6(g,h):  p>0.15  for  all  remaming 
analyses).  Each  model  adjusted  for  the  covanate  effects  of  race,  occupation,  current 
employment,  and  current  marital  stams.  After  exclusion  of  occupation  from  Models  4  and  5, 
results  became  significant  (Appendix  Table  H-3-l(c):  p=0.037,  Adj.  RR=1.14;  and 
p=0.029,  Adj.  RR=1.13).  However,  education  was  not  included  in  this  auxiliary  analysis. 
When  education  was  added  to  the  final  model,  the  results  of  the  analysis  for  Models  4,  5,and 
6  were  nonsignificant  (Appendix  Table  H-3-2(a):  p=0.276,  p=0.219,  and  p=0.494  for 
Models  4,  5,  and  6  respectively). 

Other  Neuroses 

Analysis  of  a  history  of  other  neuroses  revealed  significant  differences  between  Ranch 
Hands  and  Comparisons  from  Model  1.  The  enlisted  groundcrew  unadjusted  and  adjusted 
contrasts  were  significant,  with  47.6  percent  of  Ranch  Hands  and  40.8  percent  of 
Comparisons  having  a  history  of  other  neuroses  (Table  12-7(a,b):  p =0.040,  Est.  RR=1.32; 
and  p=0.017,  Adj.  RR=1.39,  for  the  unadjusted  and  adjusted  analyses).  The  adjusted 
contrast  combining  all  occupations  was  significant  also  (Table  12-7(b):  p =0.034,  Adj. 
RR=1.22).  All  remaining  contrasts  were  nonsignificant  (Table  12-7(a,b):  p>0.10  for  all 
remaining  contrasts).  Adjusted  results  are  based  on  the  final  model  after  deletion  of  the 
significant  interactions  between  group  and  education  and  between  group  and  current  total 
household  income.  Results  presented  for  each  level  of  education  and  current  total  household 
income  are  found  in  Appendix  Table  H-2-3.  Age,  occupation,  lifetime  alcohol  history, 
current  marital  status,  and  current  parental  status  were  significant  covariates  in  the  adjusted 
model. 

The  Model  2  analysis  of  a  history  of  other  neuroses  exhibited  nonsignificant  results  for 
bofli  the  unadjusted  and  adjusted  models  (Table  12-7(c,d):  p>0.51  for  both  analyses). 
Covariates  included  in  the  final  model  were  lifetime  alcohol  history ,  education,  current 
employment,  current  marital  status,  and  current  parental  status. 

Unadjusted  contrasts  with  Comparisons  in  Model  3  displayed  a  nonsigmficant  difference 
with  background  Ranch  Hands,  a  marginally  significant  difference  with  low  Ranch  Hands, 
and  significant  differences  with  high  Ranch  Hands  and  with  low  plus  high  Ranch  Hands 
(Table  12-7(e):  p=0.293  for  background  Ranch  Hands  versus  Comparisons;  p=0.056,  Est. 
RR=1.31  for  low  Ranch  Hands  versus  Comparisons;  p=0.037,  Est.  RR=1.34  for  high 
Ranch  Hands  versus  Comparisons;  and  p=0.010,  Est.  RR=1.33  for  low  plus  high  Ranch 
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Table  12-7. 

Analysis  of  Other  Neuroses 


a)  MODEL  !:  RANCH  HAWDS  VS.  COMPABISONS  -  ONADJUST^ 


Occ^ationai  Cat^ory 

Group 

n 

Percoit 

Yes 

Est.  Rdatire  Ri^  . 
(95%  C.I.) 

p-Value 

Ail 

Ranch  Hand 

936 

40.3 

1.16  (0.98,1.38) 

0.101 

Comparison 

1,268 

36.8 

Officer 

Ranch  Hand 

364 

28.6 

0.96  (0.71,1.29) 

0.836 

Con^arison 

499 

29.5 

Enlisted  Flyer 

Ranch  Hand 

160 

48.1 

1.21  (0.79,1.83) 

0.442 

Comparison 

200 

43.5 

Enlisted  Groundcrew 

Ranch  Hand 

412 

47.6 

1.32  (1.02,1.70) 

0.040 

Comparison 

569 

40.8 

b)  MODEL  1 

;  RANCH  HANDS  VS, 

COMPARISONS  -  ADJUSTED 

Adj.  Relative  Risk 

Occupational  Category 

W-  <9S%  C  l.)  v:y.. 

p-Value 

' Covariate Ranarks^'''/; 

All 

1.22  (1.02,1.47)** 

0.034** 

GROUP*EDUC  (p <0.001) 
GROUP*INC  (p =0.032) 

Officer 

1.00  (0.73,1.36)** 

0.999** 

AGE  (p =0.052) 

OCC(p  <0.001) 

Enlisted  Flyer 

1.30  (0.84,2.01)** 

0.242** 

DRKYR  (p<  0.001) 
MARITAL  (p  <0.001) 

Enlisted  Groundcrew 

1.39  (1.06,1.81)** 

0.017** 

PARENT  (p=0.028) 

®  Covariates  and  associated  p-values  correspond  to  final  model  based  on  all  participants  with  available  data. 

**  Group-by-covariate  interactions  (p  <0.05);  adjusted  relative  risk,  confidence  interval,  and  p-value  derived 
from  a  model  fitted  after  deletion  of  these  interactions;  refer  to  Appendix  Table  H-2-3  for  further  analysis 
of  these  interactions. 
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Table  12-7.  (Continued) 
Analysis  of  Other  Neuroses 


c)  MODEL  2:  RANCH  HANDS  —  INITIAL  DIOXIN  —  UNADJUSTED 


Initial  Dioxin  Cat^ry  Sununary  Statistifs 

Percent 

Initial  Dioxin  n  Yes 

Analysis  Results  for  Log^  (Mtial  Dioxin)®  . 

E^imated  Rdative  Ririt 

(95%  CX)'’  p-Value 

Low  172  42.4 

Medium  171  48.0 

High  169  45.6 

1.04(0.92,1.19)  0.518 

d)  MODEL  2;  RANCH  HANDS  ~  INITIAL  DIOXIN  -  ADJOSTED _ 

Analysis  Residts  for  Log^  (Initfail  Dioxin)® 

Adj.  Relative  Risk  <95%  C.!.)** _ P-Valae  _ Covariate  Remarks 

1  03  (0  89  1  19)  0.714  DRKYR  (p=0.009) 

EDUC  (p=0.002) 
EMPLOY  (p=0.035) 
MARITAL  (p=0.007) 
PARENT  (p=0.077) 


®  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 


*’  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 

*=  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  tme  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  "Covariate  Remarks"  column. 

Note:  Low  =  39-98  ppt;  Medium  =  >98-232  ppt;  High  =  >232  ppt. 
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Table  12-7.  (Continued) 
Analysis  of  Other  Neuroses 


e>  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  —  QNADJUglED 


XKoxin  Cat^oij 

Q 

Pereent 

Yes 

£st.  Relative  Ririt 
(95%  C.L)* 

p-V^ue 

Conq)arison 

1,051 

38.3 

Background  RH 

366 

34.7 

0.87  (0.68,1.12) 

0.293 

LowRH 

257 

44.8 

1.31  (0.99,1.73) 

0.056 

HighRH 

255 

45.9 

1.34(1.02,1.77) 

0.037 

Low  plus  High  RH 

512 

45.3 

1.33  (1.07,1.64) 

0.010 

0  MODEL  3;  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  —  ADJUSTED 

Adj.  Rdative  Risk 


Dioxiii  Cat^ory  n  (95%  C.I.>®^  p-Value  Covariate  Ranarks 


Comparison 

Background  RH 

1,022 

352 

1.09(0.81,1.46)** 

0.574** 

DXCAT*DRKYR  (p=0.011) 
DXCAT*EDUC  (p  <0.001) 
DXCAT*INC  (p=0.035) 

LowRH 

247 

1.27  (0.92,1.75)** 

0.142** 

DXCAT*COMBDAYS  (p =0.029) 
OCC(p  <0.001) 

HighRH 

248 

1.08  (0.78,1.51)** 

0.630** 

EMPLOY  (p=0.038) 

Low  plus  High  RH 

495 

1.18  (0.90,1.54)** 

0.222** 

MARITAL  (p <0.001) 

®  Relative  risk  and  confidence  interval  relative  to  Comparisons. 


Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 

‘  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  "Covariate  Remarks"  column. 

**  Categorized  dioxin-by-covariate  interaction  (p<0.05);  adjusted  relative  risk,  confidence  interval,  and 
p-value  derived  from  a  model  fitted  after  deletion  of  these  interactions;  refer  to  Appendix  Table  H-2-3  for 
further  analysis  of  these  interactions. 

Note:  RH  =  Ranch  Hand. 

Comparison:  Current  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  Current  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  Current  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  143  ppt. 

High  (Ranch  Hand):  Current  Dioxin  >  10  ppt.  Initial  Dioxin  >  143  ppt. 

DXCAT  =  Categorized  Dioxin. 
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Table  12-7.  (Continued) 
Analysis  of  Other  Neuroses 


g)  MODM.S  4,  5,  AND  6:  RANCH  HANDS  -  CURRENT  PIOXIN  -  UNADJUSTED 


ModeF 

Low 

Ctnrent  Dioxjn  Cat^oty 
Pment  Yes/(a) 

Medium 

High 

Aiudysis  Residtsfor  Log2 
(Cinrent  Dioxin  +  1) 

Est.  Rdative  Ri^ 

(95%C.L)’*  p-Value 

4 

5 

6= 

33.0 

(288) 

32.8 

(293) 

32.5 

(292) 

43.1 

(297) 

42.5 

(294) 

42.5 

(294) 

46.4 
(293) 

47.4 
(291) 

47.4 

(291) 

1.12  (1.02,1.23)  0.013 

1.12  (1.03,1.21)  0.005 

1.07  (0.98,1.17)  0.139 

M  MODELS  4,  5,  AND  6:  RANCH  HANDS  - 

CURRENT  DIOXIN  -  ADJUSTED 

Analy^  Results  for  L<^  (Cunroit  Dioxin  +1) 

Modef' 

>.0 

Adj.  Relative  Risk 
(95%  C.I.)’’ 

:  p-VaJue 

Covaiiate  Remarks 

4 

858 

0.98  (0.88,1.10)** 

0.777** 

CURR*DRKYR  (p =0.038) 

OCC  (p =0.026) 

EDUC  (p=0.003) 

EMPLOY  (p=0.029) 

MARITAL  (p =0.002) 

PARENT  (p =0.100) 

5 

858 

1.01  (0.92,1.11)** 

0.816** 

CURR*DRKYR  (p=0.013) 

OCC  (p =0.043) 

EDUC  (p=0.002) 

EMPLOY  (p=0.027) 

MARITAL  (p =0.002) 

PARENT  (p=0.103) 

6“ 

857 

0.95  (0.85,1.05)** 

0.301** 

CURR*DRKYR  (p =0.0 14) 

OCC  (p =0.020) 

EDUC  (p=0.004) 

EMPLOY  (p =0.020) 

MARITAL  (p=0.002) 

PARENT  (p=0.068) 

*  Model  4:  Loga  (lipid-adjusted  current  dioxin  -I-  1). 

Model  5:  Logj  (whole-weight  current  dioxin  1). 

Model  6:  Loga  (whole-weight  current  dioxin  +  1),  adjusted  for  log2  total  lipids. 


Relative  risk  for  a  twofold  increase  in  current  dioxin. 

‘  Adjusted  for  log2  total  lipids.  ...  i  «  i 

•*  Adjusted  for  logj  total  lipids  in  addition  to  covariates  specified  under  "Covanate  Remarks  column. 


**  Log,  (current  dioxin  -I-  l)-by-covariate  interaction  (0.01  <p<0.05);  adjusted  relative  risk,  confidence 
interval,  and  p-value  derived  from  a  model  fitted  after  deletion  of  this  interaction;  refer  to  Appendix  Tab  e 
H-2-3  for  further  analysis  of  this  interaction. 


Note:  Model  4:  Low  =  <  8.1  ppt;  Medium  =  >8.1-20.5  ppt;  High  =  >20.5  ppt. 

Models  5  and  6:  Low  =  <  46  ppq;  Medium  =  >46-128  ppq;  High  =  >  128  ppq. 
CURR  =  Log2  (current  dioxin  -I-  1). 
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Hands  versus  Comparisons).  The  analyses  indicated  that  a  history  of  other  neuroses 
increased  with  dioxin.  Adjusted  contrasts  were  nonsignificant  (Table  12-7(f):  p>0.14  for 
each  adjusted  contrast).  Adjusted  results  are  based  on  the  final  model  after  the  deletion  of 
the  significant  categorized  dioxin  interactions  with  each  of  the  following  co variates;  lifetime 
alcohol  history,  education,  current  total  household  income,  and  combat  service.  Appendix 
Table  H-2-3  presents  analysis  stratified  by  each  level  the  covariates  involved  in  the 
interactions.  Occupation,  current  employment,  and  current  marital  status  also  were 
significant  in  the  filnal  model.  Exclusion  of  occupation  fi-om  the  final  model  changed 
nonsignificant  results  to  marginally  significant  results  for  the  high  Ranch  Hands  and  low  plus 
high  Ranch  Hands  contrasts  (Appendix  Table  H-3-2(a):  p=0.093,  Adj.  RR=1.25;  and 
p=0.063,  Adj.  RR=1.28  respectively). 

Significant  relative  risk  estimates  resulted  from  the  unadjusted  analyses  of  other 
neuroses  for  Models  4  and  5  (Table  12-7(g):  p =0.013,  Est.  RR=1.12  and  p =0.005,  Est. 
RR=1.12).  The  percentage  of  Ranch  Hands  having  a  history  of  other  neuroses  increased  as 
current  dioxin  levels  increased.  Results  from  the  unadjusted  Model  6  analysis  and  the 
adjusted  Models  4,  5,  and  6  analyses  were  each  nonsignificant  (Table  12-7(g,h):  p>0.13  for 
each  analysis).  All  adjusted  results  are  based  on  each  final  model  after  the  deletion  of  the 
significant  current  dioxin-by-lifetime  alcohol  history  interaction.  Results  stratified  by  each 
category  of  lifetime  alcohol  history  are  presented  in  Appendix  Table  H-2-3.  Occupation, 
education,  current  employment,  current  marital  stams,  and  current  parental  stams  were  each 
additionally  included  as  significant  covariates  in  each  final  model. 

Psychological  Examination  Variables 

SCL-90-R  Anxiety 

Marginally  significant  differences  in  the  prevalence  of  high  SCL-90-R  anxiety  T-scores 
were  found  between  Ranch  Hands  and  Comparisons  from  the  Model  1  unadjusted  contrast 
combining  all  occupations  (Table  12-8(a):  p=0.071,  Est.  RR=1.38).  Results  became 
significant  after  covariate  adjustment  (Table  12-8(b):  p=0.039,  Adj.  RR=1.44).  Adjusted 
analysis  also  revealed  a  marginally  significant  difference  within  the  enlisted  flyer  stratum 
(Table  12-8(b);  p=0.098,  Adj.  ;^=1.92).  All  other  Model  1  contrasts  were  nonsignificant 
(Table  12-8(a,b):  p>0.21  for  all  remaining  contrasts).  Significant  covariates  in  the  fiunal 
adjusted  model  were  occupation,  lifetime  alcohol  history,  current  total  household  income, 
and  current  employment. 

Associations  between  SCL-90-R  anxiety  and  initial  dioxin  were  nonsignificant  for  both 
the  Model  2  unadjusted  and  adjusted  analyses  (Table  12-8(c,d):  p>0.33  for  both  analyses). 
Significant  covariate  effects  in  the  final  adjusted  model  included  lifetime  alcohol  history, 
education,  current  total  household  income,  current  marital  stams,  and  combat  service.  Initial 
dioxin-by-occupation  and  initial  dioxin-by-current  alcohol  use  interactions  also  were 
significant  in  the  analysis.  Adjusted  results  are  based  on  the  final  model  after  deletion  of  the 
interactions.  Results  stratified  by  occupation  and  current  alcohol  use  category  are  presented 
in  Appendix  Table  H-2-4. 
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Table  12-8. 

Analysis  of  SCL-90-R  Anxiety 


al  MODEL  It  RANCH  HANDS  VS.  COMPARISONS  —  UNADJUSTED 

Occupational  Cat^ory 

Group 

0 

11 

Est.  Rdafive  KMc 
(95%  C,I.) 

p-VaJue 

All 

Ranch  Hand 

948 

7.8 

1.38  (0.99,1.93) 

0.071 

Comparison 

1,279 

5.8 

Officer 

Ranch  Hand 

367 

3.5 

1.50  (0.68,3.32) 

0.428 

Comparison 

501 

2.4 

Enlisted  Flyer 

Ranch  Hand 

161 

11.2 

1.70  (0.82,3.53) 

0.212 

Comparison 

203 

6.9 

Enlisted  Groundcrew 

Ranch  Hand 

420 

10.2 

1.25  (0.81,1.93) 

0.363 

Comparison 

575 

8.4 

b)  MODEL  1 

RANCH  HANDS  VS.  COMPARISONS  —  ADJUSTED 

Adj.  Rdative  Risk 

Covariate  Remarks® 

Occupational  Category 

(95%C.L) 

p-Value 

AU 

1.44  (1.02,2.05) 

0.039 

OCC  (p =0.014) 
DRKYR  (p  =0.010) 

Officer 

1.62  (0.73,3.62) 

0.238 

INC  ^<0.001) 

Enlisted  Flyer 

1.92  (0.89,4.16) 

0.098 

EMPLOY  (p =0.095) 

Enlisted  Groimdcrew 

1.26  (0.81,1.98) 

0.306 

®  Covariates  and  associated  p-values  correspond  to  final  model  based  on  all  participants  with  available  data. 
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Table  12-8.  (Continued) 
Analysis  of  SCL-90-R  Anxiety 


c)  MODEL  2:  RANCH  HANDS  —  INITIAL  DIOXIN  —  DNADIDSTED 


Iniiiai  Cat^ory  Summary  Statistics 

Analysis  Results  for  Log2  {biltial  Dloxiii)^ 

Initial  Diotdn 

n 

Percent 

High 

Estimated  Relative  Risk 
(95%  C.hf 

p-Value 

Low 

173 

7.5 

1.11  (0.90,1.39) 

0.335 

Medium 

173 

9.3 

High 

171 

11.1 

d)  MODEL  2;  RANCH  HANDS -- INITIAL  DIOXIN  — 

ADJUSTED 

Analysis  Results  for  Log2  (MtM  Diojon)^ 

A4j.  Rdative  Ksk  (95%  C.!.)”  p-Valne 

Covariate  Reraaiks 

500 

1.04  (0.81,1.35)**  0.740** 

INIT*OCC  (p=0.031) 
INIT*ALC  (p=0.029) 
DRKYR  (p=0.018) 

EDUC  (p=0.127) 

INC  (p =0.005) 
MARITAL  (p=0.069) 
COMBDAYS  (p =0.140) 

®  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 

Relative  risk  for  a  twofold  increase  in  initial  dioxin. 

^  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  "Covariate  Remarks"  column. 

**  Logj  (initial  dioxinj-by-covariate  interactions  (0.01  <p<0.05);  adjusted  relative  risk,  confidence  interval, 
and  p-value  derived  from  a  model  fitted  after  deletion  of  these  interactions;  refer  to  Appendix  Table  H-2-4 
for  further  analysis  of  these  interactions. 

Note:  Low  =  39-98  ppt;  Medium  =  >98-232  ppt;  High  =  >232  ppt. 
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Table  12-8.  (Continued) 
Analysis  of  SCL-90-R  Anxiety 


e)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXRJ  CATEGORY  - 

-UNADJUSTED 

Dioxin  Cat^ory 

n 

Percent 

High 

£st.  Relative  RMt 
(95%  C.I.)®^ 

p-Valoe 

Con5)arison 

1,061 

5.6 

Background  RH 

373 

5.1 

0.94  (0.55,1.60) 

0.812 

LowRH 

259 

7.3 

1.32  (0.77,2.26) 

0.309 

HighRH 

258 

11.2 

2.11  (1.32,3.38) 

0.002 

Low  plus  High  RH 

517 

•  9.3 

1.71  (1.14,2.54) 

0.009 

D  MODEL  3: 

RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  -  ADJUSTED 

AdJ.  Rdative  Risk 

Dioxin  Category 

n 

(95% 

p-Vaiue 

Covariate  Remarks 

Comparison 

1,031 

OCC  (p =0.022) 

DRKYR  (p=0.012) 

Backgroimd  RH 

359 

1.33  (0.76,2.34) 

0.318 

INC  (p  <0.001) 

EMPLOY  (p =0.089) 

LowRH 

249 

1.30  (0.73,2.31) 

0.373 

HighRH 

251 

1.67  (1.02,2.73) 

0.041 

Low  plus  High  RH 

500 

1.50  (0.99,2.29) 

0.056 

^  Relative  risk  and  confidence  interval  relative  to  Comparisons. 

•’  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 

‘  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  &om  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  "Covariate  Remarks"  column. 

Note;  RH  =  Ranch  Hand. 

Comparison:  Current  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  Current  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  Current  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  143  ppt. 

High  (Ranch  Hand):  Current  Dioxin  >  10  ppt.  Initial  Dioxin  >  143  ppt. 
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Table  12-8.  (Continued) 
Analysis  of  SCL-90-R  Anxiety 


g)  MODELS  4,  5,  AND  4;  RANCH  HA^gaS  —  CURRENT  DIOXIN --T)NADJPSTED 


Modd^ 

Low 

Current  Dioxin  Category 
Percent  ]^^(n) 

Medium 

Bigh 

Anal;;^  Results  for  L<^2 
(Currant  Dioxin  +  1) 

Est.  Rdative  Ririt 

(95%  CX)”  p-Value 

4 

5 

6" 

4.8 

(294) 

4.4 

(299) 

4.4 

(298) 

7.0 

(299) 

8.1 

(296) 

8.1 

(296) 

10.8 

(297) 

10.2 

(295) 

10.2 

(295) 

1.26(1.07,1.49)  0.005 

1.26(1.09,1.46)  0.002 

1.22(1.04,1.43)  0.013 

h)  MODELS  4,  5,  AND  6:  RANCH  HANDS- 

CURRENT  DIOXIN  —  ADJUSTED 

ModeF 

n 

Analysis  Results  for  Li^2  (Coirent  Dioxin  +  1) 

Ady.  Relative  Ri^ 

(95%  C.!.)”  p-Valne  Covariate  Remarics 

4 

859 

1.13  (0.96,1.34)** 

0.146** 

CURR*ALC  (p  =0.022) 

DRKYR  (p=0.018) 

EDUC  (p=0.040) 

INC  (p=0.004) 

5 

859 

1.15  (0.99,1.34)** 

0.069** 

CURR*ALC  (p  =0.036) 

DRKYR  (p=0.021) 

EDUC  (p =0.046) 

INC  (p =0.004) 

6** 

858 

1.10  (0.94,1.30)** 

0.240** 

CURR*ALC  (p =0.039) 

DRKYR  (p =0.023) 

EDUC  (p=0.046) 

INC  (p  =0.003) 

“  Model  4:  Logj  (lipid-adjusted  current  dioxin  -t-  1). 

Model  5:  Logj  (whole-weight  current  dioxin  +1). 

Model  6:  Logj  (whole-weight  current  dioxin  -1-  1),  adjusted  for  log2  total  lipids. 

Relative  risk  for  a  twofold  increase  in  current  dioxin. 

Adjusted  for  logj  total  lipids. 

^  Adjusted  for  logj  total  lipids  in  addition  to  covariates  specified  under  "Covariate  Remarks"  column. 

**  Logj  (current  dioxin  +  l)-by-covariate  interaction  (0.01  <p<0.05);  adjusted  relative  risk,  confidence 
interval,  and  p-value  derived  from  a  model  fitted  after  deletion  of  this  interaction;  refer  to  Appaidix  Table 
H-2-4  for  further  analysis  of  this  interaction. 

Note:  Model  4:  Low  =  <  8.1  ppt;  Medium  =  >8.1-20.5  ppt;  High  =  >20.5  ppt. 

Models  5  and  6:  Low  =  <  46  ppq;  Medium  =  >46-128  ppq;  High  =  >  128  ppq. 
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Significant  Model  3  results  were  found  from  the  unadjusted  and  adjusted  analysis  of 
SCL-90-R  anxiety  contrasting  high  Ranch  Hands  and  Comparisons  (Table  12-8(e,f): 
p=0.002,  Est.  RR=2.11  and  p=0.041,  Adj.  RR=1.67  respectively).  The  unadjusted  low 
plus  high  Ranch  Hand  contrast  also  was  significant  but  became  marginally  sigmficant  after 
covariate  adjustment  (Table  12-8(e,f):  p =0.009,  Est.  RR=1.71  and  p =0.056,  Adj. 
RR=1.50  for  the  unadjusted  and  adjusted  analyses).  Occupation,  lifetime  alcohol  history, 
current  total  household  income,  and  current  employment  were  sigmficant  in  the  final  adjusted 
model.  However,  after  exclusion  of  occupation  from  the  final  model,  the  low  plus  high 
Ranch  Hands  contrast  became  significant  (Appendix  Table  H-3-4(b):  p =0.022,  Adj. 
RR=1.62).  Other  Model  3  contrasts  were  nonsignificant  (Table  12-8(e,f):  p>0.30  for  all 
remaining  contrasts). 

Models  4,  5,  and  6  each  displayed  a  significant  association  between  SCL-90-R  anxiety 
and  current  dioxin  in  the  unadjusted  analysis  (Table  12-8(g):  p=0.005,  Est.  RR— 1.26, 
p=0.002,  Est.  RR=1.26;  and  p=0.013,  Est.  RR=1.22  respectively).  The  relative  risk 
estimates  that  were  greater  than  one  indicate  the  prevalence  of  high  SCL-90-R  anxiety  T- 
scores  increased  as  current  dioxin  levels  increased.  The  Model  5  association  became 
marginally  significant  after  covariate  adjustment  (Table  12-8(h):  p =0.069,  Adj.  RR=1.15). 
Models  4  and  6  became  nonsignificant  after  covariate  adjustment  (Table  12-8(h):  p>0.14 
for  both  analyses).  All  adjusted  results  are  based  on  the  final  model  after  deletion  of  the 
significant  current  dioxin-by-current  alcohol  use  interaction.  Results  stratified  by  each 
category  of  current  alcohol  use  are  presented  in  Appendix  Table  H-2-4.  Other  significant 
covariates  present  in  the  final  model  were  lifetime  alcohol  history,  education,  and  current 
total  household  income. 

SCL-90-R  Depression 

All  differences  examined  between  Ranch  Hands  and  Comparisons  from  the  Model  1 
unadjusted  and  adjusted  analyses  of  SCL-90-R  depression  were  nonsigmficant  (Table 
12-9(a,b):  p>0.18  for  all  contrasts).  Lifetime  alcohol  history,  education,  current  total 
household  income,  current  employment,  and  current  marital  status  were  sigmficant  covariates 
in  the  final  adjusted  model. 

Results  from  the  Model  2  unadjusted  analysis  of  SCL-90-R  depression  also  were 
nonsignificant  (Table  12-9(a);  p=0.148).  Adjusted  analysis  revealed  a  significant 
interaction  between  initial  dioxin  and  lifetime  alcohol  history .  Results  stratified  by  each 
category  of  lifetime  alcohol  history  are  presented  in  Appendix  Table  H-2-5.  After  deleting 
the  initial  dioxin-by-lifetime  alcohol  history  interaction,  the  adjusted  analysis  also  showed  a 
nonsignificant  association  between  SCL-90-R  depression  and  initial  dioxin  (Table  12-9(d). 
p=0.115).  Education,  current  employment,  and  current  marital  status  were  other  significant 
covariates  in  the  final  model. 

The  Model  3  unadjusted  analysis  revealed  a  significant  difference  between  high  Ranch 
Hands  and  Comparisons  (Table  12-9(e):  p=0.031,  Est.  RR=1.58),  where  13.6  percent  of 
high  Ranch  Hands  and  8.8  percent  of  Comparisons  exhibited  a  high  SCL-90-R  depression  T- 
score.  All  other  unadjusted  and  adjusted  Model  3  contrasts  indicated  no  significant 
differences  (Table  12-9(e,f);  p>0.10  for  all  remaining  contrasts).  Adjusted  analysis 
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Table  12-9. 

Analysis  of  SCL-90-R  Depression 


a)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS  -  UNADJUSTED 

Ocoipatioiiai  Category 

Oronp 

n 

Percrat 

High 

Est.  Relative  Ri^ 
<95%  C.L> 

p-Value 

AU 

Ranch  Hand 

948 

10.1 

1.16(0.87,1.55) 

0.337 

Comparison 

1,279 

8.8 

Officer 

Ranch  Hand 

367 

6.5 

1.28  (Q. 12,2.21) 

0.487 

Con:q}arison 

501 

5.2 

Enlisted  Flyer 

Ranch  Hand 

161 

14.9 

1.37  (0.74,2.53) 

0.393 

Conq)arison 

203 

11.3 

Enlisted  Groundcrew 

Ranch  Hand 

420 

11.4 

1.03  (0.69,1.53) 

0.964 

Comparison 

575 

11.1 

b)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS  -  ADJUSTED 

Occupational  Category 

Adij.  Relative  Risk 
(95%  C.I.) 

p-Value 

Covadate  Remailts^ 

All 

1.21  (0.90,1.63) 

0.210 

DRKYR  (p=0.028) 

Officer 

1.38  (0.77,2.47) 

0.282 

EDUC  (p =0.003) 

INC  (p=0.001) 

Enlisted  Flyer 

1.55  (0.81,2.97) 

0.184 

EMPLOY  (p =0.030) 

Enlisted  Groundcrew 

1.02  (0.67,1.55) 

0.927 

MARITAL  (p =0.001) 

^  Covariates  and  associated  p-values  correspond  to  final  model  based  on  all  participants  with  available  data. 
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Table  12-9.  (Continued) 
Analysis  of  SCL-90-R  Depression 


c)  MODEL  2:  RANCH  HANDS  -  INinAL  DIOXIN  -  UNADJUSTED _ 


Inttial  Koxiti  Cat^ory  Summary  Statistics  1 

Analysis  Results  for  Log*  (Initial  Dioxinf 

ibiitidi  Dioxin 

n 

Percent. 

High 

i^imated  Relative  Rislt 
(95%  C.!.)** 

p^Value 

Low 

173 

8.1 

1.16(0.95,1.42) 

0.148 

Medium 

173 

10.4 

High 

171 

13.5 

d)  MODEL  2;  RANC^  HANDS  -  INimL  DiOm 
Analysis  Results  for  Logj  (Inidal  Dioxin)® 

n  Adj.  Relative  Risk  <95%  C.I.)*’ _ ^VfAnt _ Covariate  Remarks - 

504  1.20(0.96,1.50)**  O.llS- 

EMPLOY  (p  =0.066) 
_  MARITAL  (p =0.003) 

®  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  tune  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 

^  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 

'  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA.  change  in  percent  body  fat  from  the  tme  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  "Covariate  Remarks  column. 

**  Log,  (initial  dioxin)-by-covariate  interaction  (p^O.05);  adjusted  relative  risk,  confidence  interval  ^d  p- 
value  derived  from  a  model  fitted  after  deletion  of  this  interaction;  refer  to  Appendix  Table  H-2-5  for 
further  analysis  of  this  interaction. 

Note:  Low  =  39-98  ppt;  Medium  =  >98-232  ppt;  High  =  >232  ppt. 
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Table  12-9.  (Continued) 
Analysis  of  SCL-90-R  Depression 


e)  M(H)EL  3t  RANCH  HANDS  AND  COMPARISONS  BY  DIOXPJ  CATEGORY  —  UNADJUSTED 


XHchub  Caic^t^ 

n 

Percait 

High 

Est.  Rdative  Ri^ 

(95%  C.L)®^ 

p-Yaioe 

Con5)arison 

1,061 

8.8 

Backgroimd  RH 

373 

9.1 

1.09  (0.72,1.65) 

0.684 

LowRH 

259 

7.7 

0.85  (0.51,1.41) 

0.527 

HighRH 

258 

13.6 

1.58  (1.04,2.40) 

0.031 

Low  plus  High  RH 

517 

10.6 

1.20  (0.85,1.71) 

0.303 

D  MODEL  3;  RANOff  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  —  ADJUSTED 


Adg.  Rdative  Risk 


Dioxin  Cat^ory 

n 

(9S%  CX)*^ 

p-Vaiue 

Covailate  Ronarks 

Comparison 

1,031 

ALC  (p =0.129) 

DRKYR  (p=0.010) 

Background  RH 

359 

1.35  (0.87,2.09) 

0.177 

EDUC  (p =0.006) 

INC  (p =0.021) 

LowRH 

249 

0.75  (0.43,1.30) 

0.309 

EMPLOY  (p =0.024) 

HighRH 

251 

1.43  (0.92,2.22) 

0.108 

MARITAL  (p <0.001) 

Low  plus  High  RH 

500 

1.10(0.75,1.59) 

0.629 

®  Relative  risk  and  confidence  interval  relative  to  Comparisons. 

Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 

Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  "Covariate  Remarks"  column. 

Note:  RH  =  Ranch  Hand. 

Comparison:  Current  Dioxin  ^  10  ppt. 

Background  (Ranch  Hand):  Current  Dioxin  ^  10  ppt. 

Low  (Ranch  Hand):  Current  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  143  ppt. 

High  (Ranch  Hand):  Current  Dioxin  >  10  ppt.  Initial  Dioxin  >  143  ppt. 
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Table  12-9.  (Continued) 
Analysis  of  SCL-90-R  Depression 


»)  MODELS  4, 

5,  AND  6;  RANCH  HANDS  —  CURRENT  DIOXIN  -  UNADJUSTED 

Current  Dioxin  CaiMoiy 

1  jl^alysis  Results  for  Log^ 

^  :  . 

Percent  Bigh/(n) 

(Current  Dioxin  +  1) 

Relative  Ri^ 

Mbdel^ 

Low 

Medium 

05%  C.I.)'’ 

p-Vfdue 

4 

8.8 

8.7 

12.5 

1.10  (0.95,1.27) 

0.207 

(294) 

(299) 

(297) 

5 

9.4 

7.8 

12.9 

1.11  (0.97,1.26) 

0.125 

(299) 

(296) 

(295) 

6= 

9.4 

7.8 

12.9 

1.04  (0.90,1.19) 

0.613 

(298) 

(296) 

(295) 

b)  MODELS  4,  5,  AND  6:  RANCH  HANDS  -  CURKENT  DIOXIN  -  ADJUSTED 


Analysis  Results  for  Logj  (Curroif  Dioxin  +  1) 

Adi.  Relative  Risk 

ModeP 

n 

e>5%:c,L)'’  ■ 

p-Vahie 

Covanate  Remarks 

4 

859 

1.00  (0.86,1.18)** 

0.961** 

CURR*INC  (p=0.032) 

DRKYR  (p =0.028) 

EDUC  (p =0.047) 

EMPLOY  (p=0.038) 

MARITAL  (p=0.022) 

5 

859 

1.02  (0.89,1.17)** 

0.783** 

CURR*RACE  (p=0.028) 

CURR*INC  (p=0.008) 

DRKYR  (p=0.041) 

EDUC  (p=0.057) 

EMPLOY  (p =0.036) 

MARITAL  (p=0.010) 

6“^ 

858 

0.95  (0.82,1.10)** 

0.507** 

CURR*RACE  (p=0.023) 

CURR*INC  (p =0.010) 

DRKYR  (p=0.053) 

EDUC  (p=0.045) 

EMPLOY  (p=0.043) 

MARITAL  (p=0.016) 

“  Model  4:  Logj  (lipid-adjusted  current  dioxin  +  1). 

Model  5:  Logj  (whole-weight  current  dioxin  -i-  1). 

Model  6:  Logj  (whole-weight  current  dioxin  -I-  1),  adjusted  for  log2  total  lipids. 

Relative  risk  for  a  twofold  increase  in  current  dioxin. 

Adjusted  for  logj  total  lipids. 

Adjusted  for  logj  total  lipids  in  addition  to  covariates  specified  under  "Covariate  Remarks"  column. 

**  Logj  (current  dioxin  +  l)-by-covariate  interaction  (p<0.05);  adjusted  relative  risk,  confidence  interval,  and 
p-value  derived  from  a  model  fitted  after  deletion  of  these  interactions;  refer  to  Appendix  Table  H-2-5  for 
further  analysis  of  these  interactions. 

Note:  Model  4:  Low  =  <  8.1  ppt;  Medium  =  >8.1-20.5  ppt;  High  =  >20.5  ppt. 

Models  5  and  6:  Low  =  <  46  ppq;  Medium  =  >46-128  ppq;  High  =  >  128  ppq. 
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displayed  the  significant  covariate  effects  of  current  alcohol  use,  lifetime  alcohol  history, 
education,  current  total  household  income,  current  employment,  and  current  marital  status. 

All  results  from  the  unadjusted  and  adjusted  analyses  of  SCL-90-R  depression  for 
Models  4,  5,  and  6  were  nonsignificant  (Table  12-9(g,h):  p>0.12  for  each  analysis). 
Adjusted  results  displayed  in  Table  12-9(h)  are  based  on  the  final  models  of  Models  4,  5, 
and  6  after  deletion  of  significant  interactions  involving  current  dioxin.  Model  4  results 
stratified  by  each  level  of  current  total  household  income  are  found  in  Appendix  Table  H-2- 
5,  as  are  Model  5  and  6  results  stratified  by  race  and  by  current  total  household  income. 
Covariates  significant  for  each  model  were  lifetime  alcohol  history,  education,  current 
employment,  and  current  marital  status. 

SCL-90-R  Hostility 

The  Model  1  unadjusted  analysis  of  SCL-90-R  hostility  revealed  a  significant  group 
difference  from  the  contrast  combining  all  occupations.  Results  indicated  a  greater 
percentage  of  high  T-scores  for  Ranch  Hands  (6.1%)  than  for  Comparisons  (4.1%)  (Table 
12-10(a):  p=0.044,  Est.  RR=1.51).  After  covariate  adjustment,  the  overall  contrast 
presented  a  marginally  significant  difference  (Table  12-10(b):  p=0.078,  Adj.  RR=1.43). 
The  unadjusted  contrast  within  the  enlisted  groundcrew  stratum  and  the  adjusted  contrast 
within  the  enlisted  flyer  stratum  also  displayed  marginally  significant  differences  between 
Ranch  Hands  and  Comparisons  (Table  12-10(a,b):  p=0.064,  Est.  RR=1.65  and  p=0.091, 
Adj.  RR=2.04  respectively).  All  other  Model  1  contrasts  were  nonsignificant  (Table  12- 
10(a,b):  p>0.10  for  each  remaining  contrast).  Lifetime  alcohol  history,  current  total 
household  income,  the  group-by-current  alcohol  use  interaction,  and  the  group-by-education 
interaction  were  significant  in  llie  final  adjusted  model.  All  adjusted  results  are  based  on  the 
final  model  after  deletion  of  the  group-by-covariate  interactions.  Appendix  Table  H-2-6 
presents  contrasts  stratified  by  current  alcohol  use  and  education. 

Model  2  unadjusted  analysis  of  SCL-90-R  hostility  displayed  a  marginally  significant 
positive  association  between  initial  dioxin  and  a  high  SCL-90-R  hostility  T-score  (Table  12- 
10(c):  p=0.067,  Est.  RR=1.26).  After  covariate  adjustment  for  age,  lifetime  alcohol 
history,  education,  and  current  marital  status,  the  association  was  nonsignificant  (Table  12- 
10(d):  p=0.310). 

Model  3  contrasts  involving  background  Ranch  Hands  and  low  Ranch  Hands  with 
Comparisons  were  nonsignificant  for  both  the  unadjusted  and  adjusted  analyses  of  SCL-90-R 
hostility  (Table  12-10(e,f):  p>0.10  for  each  contrast).  The  high  and  the  low  plus  high 
Ranch  Hand  contrasts  revealed  significant  differences  in  the  unadjusted  analyses  (Table  12- 
10(e):  p=0.008,  Est.  RR=2.04  and  p=0.032,  Est.  RR=1.64  respectively).  Unadjusted 
analysis  revealed  a  greater  tendency  of  a  high  SCL-90-R  hostility  T-score  among  R^ch 
Hands  with  higher  dioxin  levels  than  Comparisons.  After  co variate  adjustment  for 
occupation,  current  alcohol  use,  lifetime  alcohol  history,  and  current  total  household  income, 
the  high  Ranch  Hand  contrast  became  marginally  significant  and  the  low  plus  high  contrast 
became  nonsignificant  (Table  12-10(f):  p=0.093,  Adj.  RR=1.60  and  p=0.194 
respectively).  Exclusion  of  occupation  from  the  final  model  shifted  the  significance  of  the 
high  contrast  from  marginally  significant  to  significant  (Appendix  Table  H-3-4(a):  p  =0.027, 
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Table  12-10. 

Analysis  of  SCL-90-R  Hostility 


al  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS  —  UNADJUSTED 

Ocm^iational  Cat^oiy 

GrODp 

a 

Percent 

High 

E^.  Rdative  Risk 
(95%  CX) 

p-Value 

All 

Ranch  Hand 

948 

6.1 

1.51  (1.03,2.21) 

0.044 

Comparison 

1,279 

4.1 

Officer 

Ranch  Hand 

367 

1.6 

0.68  (0.25,1.82) 

0.592 

Comparison 

501 

2.4 

Enlisted  Flyer 

Ranch  Hand 

161 

9.9 

2.13  (0.94,4.83) 

0.101 

Comparison 

203 

4.9 

Enlisted  Groundcrew 

Ranch  Hand 

420 

8.6 

1.65  (1.00,2.71) 

0.064 

Comparison 

575 

5.4 

b>M(H>ELl:  RANCH  HANDS  VS.  CX)S^ARlSONS  ~  ADJUSTOD 


Occupational  Category 

Adj.  Relative  Risk 
(95%C.L) 

p-Value 

Covariate  Remarks^ 

All 

Officer 

1.43  (0.96,2.14)** 

0.64  (0.22,1.86)** 

0.078** 

0.411** 

GROUP* ALC  (p=0.047) 
GROUP*EDUC  (p =0.047) 
DRKYR  (p  <0.001) 

Enlisted  Flyer 

2.04  (0.89,4.67)** 

0.091** 

INC  (p =0.009) 

OCC  (p=0.061) 

Enlisted  Groundcrew 

1.53  (0.91,2.57)** 

0.106** 

®  Covariates  and  associated  p-values  correspond  to  final  model  based  on  all  participants  with  available  data. 


**  Group-by-covariate  interactions  (0.01  <p^0.05);  adjusted  relative  risk,  confidrace  interval,  and  p-value 
derived  from  a  model  fitted  after  deletion  of  these  interactions;  refer  to  Appendix  Table  H-2-6  for  further 
analysis  of  these  interactions. 
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Table  12-10.  (Continued) 
Analysis  of  SCL-90-R  HostOity 


c)  MODEL  2;  RANCH  HANDS  —  INITIAL  DIOXIN -- IJNADJUSTED 

Imtial  IHoxin  Category  Summary  Statistics 

Parcent 

!bitial  Dioxiii  n  Sgh 

Analysis  Results  for  Log2  Ofaltial  Diasan)^ 

Estimated  Relative  Risk 

{95%  C.l.t  p-Value 

Low  173  5.8 

Medium  173  5.2 

High  171  10.5 

1.26(0.99,1.60)  0.067 

d)  MODEL  2;  RANCH  HANDS  -  INITIAL  DIOXIN  - 

M>J0STED 

Analysis  Restdts  for  Logj  (biitial  Dioxui)® 

11 

Covariate  Remarks 

504 

1.16(0.87,1.53)  0.310 

AGE  (p =0.073) 

DRKYR  (p=0.002) 

EDUC  (p=0.017) 
MARITAL  (p=0.026) 

®  Adjusted  for  percent  body  fat  at  tbe  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 

’’  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 

'  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  tme  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  "Covariate  Remarks  column. 

Note:  Low  =  39-98  ppt;  Medium  =  >98-232  ppt;  High  =  >232  ppt. 
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Table  12-10.  (Continued) 

Analysis  of  SCL-90-R  Hostility 

e)  MQDEL3t  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  -  U!SrAimJSTE3> 


Percent 

Est.  Relative  Risk 

INoxinfM^oiy  , 

11 

(95%  C.!.)** 

."pKyialiie 

Comparison 

1,061 

4.2 

Background  RH 

373 

4.8 

1.26  (0.71,2.21) 

0.429 

LowRH 

259 

5.4 

1.25  (0.67,2.32) 

0.484 

HighRH 

258 

8.9 

2.04  (1.21,3.46) 

0.008 

Low  plus  High  RH 

517 

7.2 

1.64  (1.05,2.58) 

0.032 

f)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  -  ABHJSTED 

Adj.  Relative  Risk 

Dioxin  Category  n  (9S%  C.I.)“^  p-Value 

Covaiiate  Ronarks 

Comparison  1,031 

Background  RH  359  1.64(0.89,3.02)  0.109 

Low  RH  249  1.07  (0.54,2.14)  0.843 

HighRH  251  1.60(0.93,2.78)  0.093 

Low  plus  High  RH  500  1.37  (0.85,2.21)  0.194 

OCC  (p =0.020) 

ALC  (p=0.025) 

DRKYR  (p  <0.001) 

INC  (p  =0.027) 

®  Relative  risk  and  confidence  interval  relative  to  Comparisons. 


*’  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 


Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  "Covariate  Remarks"  column. 

Note:  RH  =  Ranch  Hand. 

Comparison:  Current  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  Current  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  Current  Dioxin  >  10  ppt.  10  ppt  <  Initial  Dioxin  <143  ppt. 

High  (Ranch  Hand):  Current  Dioxin  >  10  ppt.  Initial  Dioxin  >  143  ppt. 
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Table  12-10.  (Continued) 
Analysis  of  SCLr90-R  Hostility 


g)  MODELS  4,  5,  AND  6:  RANCH  HANDS  -  CURRENT  DIOXIN  —  UNARIUSTED 


Current  Dicndn  Category 

Analytis  Results  for  1x^2 

’  r  ■  : 

Percent  H^h/(n) 

(Currmt  Dioxin  4-  1) 

Est.  Relative  Risk 

Model’ 

Low 

Medium 

High 

(95%C.L)'’ 

p-ValUB 

4 

4.4 

5.4 

8.8 

1.28  (1.07,1.53) 

0.008 

(294) 

(299) 

(297) 

5 

4.0 

6.4 

8.1 

1.27(1.08,1.49) 

0.004 

(299) 

(296) 

(295) 

6*= 

4.0 

6.4 

8.1 

1.23  (1.04,1.46) 

0.019 

(298) 

(296) 

(295) 

h)  MODELS  4,  5,  AND  6;  RANCH  HANDS  - 

CURRENT  DIOXIN  —  ADJUSTED 

Attidysis  Results  for  Logj  (Currmt  IHoxin  H-  1) 

Adj.  Relative  Risk 

ModeP 

n 

(95%  C.L)*’ 

l»-Value 

CoYariate  Remarics 

4 

870 

1.08  (0.89,1.33) 

0.431 

AGE  (p =0.071) 
OCC  (p  =0.074) 

DRKYR  (p  <0.001) 
EDUC  (p =0.061) 
EMPLOY  (p =0.095) 

5 

870 

1.10  (0.92,1.32) 

0.275 

AGE  (p =0.069) 
OCC  (p =0.082) 

DRKYR  (p <0.001) 
EDUC  (p =0.062) 
EMPLOY  (p =0.090) 

6^ 

869 

1.05  (0.86,1.27) 

0.645 

AGE  (p =0.054) 
OCC  (p  =0.066) 

DRKYR  (p  <0.001) 
EDUC  (p =0.076) 
EMPLOY  (p =0.074) 

®  Model  4:  Log2  Oipid-adjusted  current  dioxin  +  1). 

Model  5:  Logj  (whole-weight  current  dioxin  -I-  1). 

Model  6:  Logj  (whole-weight  current  dioxin  4-  1),  adjusted  for  log2  total  lipids. 

**  Relative  risk  for  a  twofold  increase  in  current  dioxin. 

^  Adjusted  for  logj  total  lipids. 

Adjusted  for  log2  total  lipids  in  addition  to  covariates  specified  under  "Covariate  Remarks"  column. 

Note;  Model  4;  Low  =  ^  8.1  ppt;  Medium  =  >8.1-20.5  ppt;  High  =  >20.5  ppt. 

Models  5  and  6:  Low  =  <  46  ppq;  Medium  =  >46-128  ppq;  High  =  >128  ppq. 
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Adj.  RR=1.84).  The  low  plus  high  contrast  changed  from  nonsignificant  to  marginally 
significant  (Appendix  Table  H-3-5(a):  p=0.098,  Adj.  RR=1.49).  However,  education  was 
not  included  in  this  auxiliary  analysis.  When  education  was  added  to  the  final  model,  the 
results  of  the  contrast  between  low  plus  high  Ranch  Hands  and  Comparisons  for  the  SCL-90- 
R  hostility  T-scores  were  nonsignificant  (Table  H-3-6(a):  p =0.144). 

Positive  associations  between  high  SCL-90-R  hostility  T-scores  and  current  dioxin  were 
significant  in  the  unadjusted  analysis  of  Models  4,  5,  and  6  (Table  12-10(g):  p=0.(X)8,  Est. 
RR=1.28;  p=0.004,  Est.  RR=1.27;  and  p=0.019,  Est.  RR=1.23,  respectively).  However, 
adjusted  analyses  were  nonsignificant  for  each  model  (Table  12-10(h):  p>0.27  for  each 
analysis).  Age,  occupation,  lifetime  alcohol  history,  education,  and  current  employment 
were  significant  in  each  final  adjusted  model. 

SCL-90-R  Interpersonal  Sensitivity 

Unadjusted  and  adjusted  contrasts  between  Ranch  Hands  and  Comparisons  were  each 
nonsignificant  from  the  Model  1  analysis  of  SCL-90-R  interpersonal  sensitivity  (Table  12- 
ll(a,b):  p>0.22  for  each  contrast).  Occupation,  lifetime  alcohol  history,  education,  and 
current  total  household  income  were  each  significant  in  the  final  adjusted  model. 

Results  from  the  Model  2  analysis  of  SCL-90-R  interpersonal  sensitivity  also  were 
nonsignificant  for  both  the  unadjusted  and  adjusted  analyses  (Table  12-ll(c,d):  p>0.38  for 
both  analyses).  Adjusted  results  are  based  on  the  final  model  after  deletion  of  the  significant 
interactions  of  initial  dioxin  with  occupation  and  lifetime  alcohol  history.  Appendix  Table  H- 
2-7  presents  analysis  stratified  by  each  category  of  occupation  and  lifetime  alcohol  history. 
Education,  current  total  household  income,  current  marital  status,  and  current  parental  status 
were  significant  covariates  in  the  final  adjusted  model. 

The  unadjusted  analysis  of  Model  3  identified  significantly  more  high  Ranch  Hands  than 
Comparisons  with  a  high  SCL-90-R  interpersonal  sensitivity  T-score  (Table  12-1 1(e): 
p =0.024,  Est.  RR=1.62).  Also,  results  were  marginally  significant  for  the  unadjusted  low 
plus  high  Ranch  Hands  contrast  (Table  12-ll(e):  p=0.083,  Est.  RR=1.36).  All  remaining 
unadjusted  contrasts  and  all  adjusted  contrasts  were  nonsignificant  (Table  12-ll(e,f): 
p>0.23  for  all  remaining  contrasts).  Occupation,  lifetime  alcohol  history,  current  total 
household  income,  and  current  marital  status  were  significant  covariates  in  the  final  adjusted 
model.  Exclusion  of  occupation  from  the  adjusted  model  revealed  a  marginally  significant 
difference  between  high  Ranch  Hands  and  Comparisons  (Appendix  Table  H-3-5(b): 
p=0.075,  Adj.  RR=1.48).  However,  education  was  not  included  in  this  auxiliary  analysis. 
When  education  was  added  to  the  final  model,  the  results  of  the  contrast  between  high  Ranch 
Hands  and  Comparisons  for  the  SCL-90-R  interpersonal  sensitivity  T-scores  were 
nonsignificant  (Table  H-3-8(a):  p=0.121). 

Unadjusted  analysis  of  SCL-90-R  interpersonal  sensitivity  from  Models  4  and  5  revealed 
a  significant  association  between  current  dioxin  and  SCL-90-R  interpersonal  sensitivity  T- 
scores  (Table  12-ll(g):  p=0.022,  Est.  RR=1.19  and  p=0.012,  Est.  RR=1.18  for  Models 
4  and  5).  Results  from  &e  Model  6  unadjusted  analysis  were  marginally  significant 
(p  =0.058,  Est.  RR=1.15).  Each  analysis  showed  increases  in  the  percentages  of  high 
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Table  12-11. 

Analysis  of  SCL-90-R  Interpersonal  Sensitivity 


a)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS  —  UNADJUSTED 


dcaQ|>ationaI  Category  ; 

Groop  : 

n 

Percent 
High  : 

Est.  Rdative  RM: 
(95%  CX) 

p-Vsdue 

All 

Ranch  Hand 

948 

10.4 

1.16  (0.87,1.54) 

0.343 

Comparison 

1,279 

9.2 

Officer 

Ranch  Hand 

367 

4.4 

0.91  (0.47,1.73) 

0.892 

Conq>arison 

501 

4.8 

Enlisted  Flyer 

Ranch  Hand 

161 

13.7 

1.37  (0.73,2.60) 

0.417 

Conq>arison 

203 

10.3 

Enlisted  Groundcrew 

Ranch  Hand 

420 

14.5 

1.19  (0.82,1.71) 

0.411 

Comparison 

575 

12.5 

b)  MODEL  1 

;  RANCH  HANDS  VS. 

COMPARISONS  -  ADJUSTED 

A<y.  Relative  Risk 

Ocmpationai  Category 

.(95%C.I.) 

p-Valiie 

Covariate  Remarks^ 

An 

1.20  (0.90,1.61) 

0.223 

OCC  (p=0.034) 
DRKYR  (p=0.070) 

Officer 

1.00  (0.52,1.92) 

0.994 

EDUC  (p=0.128)’ 

Enlisted  Flyer 

1.44  (0.74,2.81) 

0.280 

INC  (p  <0.001) 

Enlisted  Groundcrew 

1.21  (0.82,1.76) 

0.337 

“  Covariates  and  associated  p-values  correspond  to  final  model  based  on  all  participants  with  available  data. 
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Table  12-11.  (Continued) 

Analysis  of  SCLr90-R  Interpersonal  Sensitivity 


c)  MODEL  2:  RANCH  HANDS  —  INITIAL  DIOXIN  —  UNADJUSTED 


Initial  IKoxM  Cat^oiy  Sinnmary  Statistics 

Percent 

Initial  Dioxin  n  ISigb 

Analysis  Resists  for  Logj  (Inlttal  Dioxin)^ 

i^imated  Relative  Ri^ 

(95%  C.!.)**  p-Value 

Low  173  11.0 

Medium  173  9.8 

High  171  14.0 

1.09(0.90,1.33)  0.381 

d>  MODEL  2:  RANCH  HANDS  ~  INITIAL  DIOXIN  ~ 

ADJUSTED 

n 

Analysis  Residts  for  Logj  (Initial  Dioxin)® 
Adj.  Relative  Risk  05%  C.I.)*’  p-Valne 

Covari^e  Remarks 

500 

1.00(0.79,1.27)**  0.996** 

INIT*OCC  (p =0.003) 
INIT*DRKYR  (p  =0.028) 
EDUC  (p=0.057) 

INC  (p=0.014) 
MARITAL  (p =0.019) 
PARENT  (p=0.060) 

®  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 

’’  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 

'  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covaiiates  specified  under  "Covariate  Remarks"  column. 

**  Log2  (initial  dioxin)-by-covariate  interactions  (p<0.05);  adjusted  relative  risk,  confidence  interval,  and  p- 
value  derived  from  a  model  fitted  after  deletion  of  these  interactions;  refer  to  Appendix  Table  H-2-7  for 
further  analysis  of  these  interactions. 

Note:  Low  =  39-98  ppt;  Medium  =  >98-232  ppt;  High  =  >232  ppt. 
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Table  12-11.  (Continued) 

Analysis  of  SCL/-90-R  Interpersonal  Sensitiyity 


e)  MOl&p;  3t  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  -  IMAmUSTEal 
•'  _■  Percent  Est.  Rdative  Rii^  . 


CSoxm  Cat 

Comparison 


Est.  Rdative  Ri^ 
(95%  CJ.)**  . 


p-Vaioe 


Background  RH 
Low  RH 
HighRH 

Low  plus  High  RH 


0.88  (0.57,1.37) 
1.11  (0.70,1.77) 
1.62  (1.06,2.45) 
1.36  (0.96,1.92) 


0.575 

0.662 

0.024 

0.083 


f)  MODEL  3;  RANCH HAMIS  AND  COMPARISONS  BY  DIOXIN  CATEGORY—  ADJUSTED 

Adj«  Relative  Risk 

PforiaCKg.^  „  Onc±r  p-Vd,H^  Raaarte 

Coa.pari»n  j  (p  =0.012) 

DRKYR  (p=0.029) 

Background  RH  359  1.25  (0.79,2.00)  0.342  INC  (p  <0.001) 

LowRH  249  1.11  (0.68,1.84)  0.673  MARITAL  (p =0.094) 

^^ShRH  251  1.30(0.84,2.01)  0.234 

Low  plus  High  RH  500  1.22(0.85,1.75)  0.286 

*  Relative  risk  and  confidence  interval  relative  to  Comparisons. 

A  to  the  date  of  the  blood  draw  for  dioxm,  and  covanates  specified  under  "Covariate  Remarks"  column. 

Note:  RH  =  Ranch  Hand. 

Comparison:  Current  Dioxin  10  ppt. 

Background  (Ranch  Hand):  Current  Dioxin  ^  10  ppt. 

^  PP‘-  ppt  <  I“t»al  Dioxin  <143  ppt. 

High  (Ranch  Hand):  Current  Dioxin  >  10  ppt.  Initial  Dioxin  >  143  ppt. 
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Table  12-11.  (Continued) 

Analysis  of  SCL-90-R  Interpersonal  SensitiTity 


g)  MODELS  4,  5,  AND  6;  RANCH  HANDS  —  CURRENT  DIOXIN  —  LNAJXTOSTED 


Current  Dioxin  Cat^ory 

Anaiyds  Results  for  L<^2 

Percoit  Hi^Mn) 

(Curroit  IMoxin  +  1) 

Est.  Relative  Ridi 

Modef^ 

Low 

Medium 

High 

(95%  C.L)'» 

p-Valne 

4 

6.8 

9.7 

13.1 

1.19  (1.03,1.37) 

0.022 

(294) 

(299) 

(297) 

5 

7.0 

9.8 

12.9 

1.18  (1.04,1.35) 

0.012 

(299) 

(296) 

(295) 

6*= 

7.1 

9.8 

12.9 

1.15  (1.00,1.32) 

0.058 

(298) 

(296) 

(295) 

h)  MODELS  4,  5>AND6;  RANCH  HANDS  -  CURRENT  DIOXIN  -  ADJUSTED 


ModeP 

•MM/ 

n 

’  'A^ysis'Resnlts'lhr  Lj^2"(Cuncent-DS«^  +•  1) 

.  Adj.  Relative:Risk''v.;. • 

(95%  C.I.)’’  p-Valne  Covariate  Rouarits 

4 

859 

1.05  (0.90,1.22) 

0.560 

DRKYR  (p =0.010) 

EDUC  (p =0.035) 

INC  (p=0.003) 

MARITAL  (p =0.088) 

PARENT  (p  =0.038) 

5 

859 

1.06  (0.93,1.21) 

0.381 

DRKYR  (p  =0.010) 

EDUC  (p =0.038) 

INC  (p=0.004) 

MARITAL  (p =0.088) 

PARENT  (p  =0.040) 

6“ 

858 

1.02  (0.88,1.18) 

0.813 

DRKYR  (p =0.013) 

EDUC  (p =0.036) 

INC  (p=0.003) 

MARITAL  (p=0.111) 

PARENT  (p=0.031) 

^  Model  4:  Log2  (lipid-adjusted  current  dioxin  +  1). 

Model  5:  Log2  (whole-weight  current  dioxin  +  1). 

Model  6:  Log2  (whole-weight  current  dioxin  +  1),  adjusted  for  log2  total  lipids. 

^  Relative  risk  for  a  twofold  increase  in  current  dioxin. 

^  Adjusted  for  log2  total  lipids. 

^  Adjusted  for  log2  total  lipids  in  addition  to  covariates  specified  under  "Covariate  Remarks"  column. 

Note:  Model  4:  Low  =  <  8.1  ppt;  Medium  =  >8.1-20.5  ppt;  High  =  >20.5  ppt. 

Models  5  and  6:  Low  =  <  46  ppq;  Medium  =  >46-128  ppq;  High  =  >128  ppq. 
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T-scores  with  increases  in  current  dioxin.  Results  were  nonsignificant  for  each  model  after 
adjustment  for  lifetime  alcohol  history,  education,  current  total  household  income,  current 
marital  status,  and  current  parental  status  (Table  12-1 1(h):  p>0.38  for  each  model). 

SCL-90-R  Obsessive-Compulsive  Behavior 

The  Model  1  unadjusted  group  contrast  combining  all  occupations  displayed  a 
marginally  significant  difference  in  the  presence  of  a  high  SCL-90-R  obsessive-compulsive  T- 
score  (Table  12-12(a):  p=0.082,  Est.  RR=1.30).  Of  the  Ranch  Hands,  11.0  percent 
displayed  a  high  T-score,  in  contrast  to  8.7  percent  of  the  Comparisons.  The  difference  was 
significant  in  the  adjusted  analysis  (Table  12-12(b):  p=0.047,  Adj.  RR=1.35).  Significant 
covariates  in  the  final  model  were  age,  occupation,  lifetime  alcohol  history,  and  current  total 
household  income.  Contrasts  examined  within  each  occupation  yielded  nonsignificant 
differences  for  the  unadjusted  and  adjusted  analyses  (Table  12-12(a,b):  p>0.14  for  each 
contrast). 


Unadjusted  and  adjusted  analyses  of  SCL-90-R  obsessive-compulsive  behavior  for 
Model  2  were  nonsignificant  (Table  12-12(a,b):  p>0.30  for  both  analyses).  Current  alcohol 
use,  lifetime  alcohol  history,  combat  service,  and  the  initial  dioxin-by-occupation  and  initial 
dioxin-by-current  total  household  income  interactions  were  significant  in  the  final  adjusted 
model.  Adjusted  results  were  based  on  the  final  model  after  deletion  of  the  initial  dioxin 
interactions.  Results  stratified  by  occupation  and  current  total  household  income  are 
presented  separately  in  Appendix  Table  H-2-8. 

Significant  differences  were  found  between  high  Ranch  Hands  and  Comparisons  in  the 
unadjusted  Model  3  analysis  of  SCL-90-R  obsessive-compulsive  behavior  (Table  12-12(e): 
p=0.049,  Est.  RR=1.54).  The  adjusted  contrast  between  background  Ranch  Hands  and 
Comparisons  also  was  significant  (Table  12-12(f):  p=0.007,  Adj.  RR=1.79).  Both  analyses 
revealed  that  a  larger  percentage  of  Ranch  Hands  had  high  SCL-^-R  obsessive-compulsive 
T-scores  than  Comparisons  (backgroimd  Ranch  Hands:  10.7%;  high  Ranch  Hands:  12.8%; 
Comparisons:  8.6%).  Other  Model  3  contrasts  were  nonsignificant  (Table  12-12(e,f): 
p>0.17  for  all  remaining  contrasts).  The  adjusted  analysis  displayed  the  significant 
covariate  effects  of  occupation,  lifetime  alcohol  history,  current  total  household  income,  and 
current  employment. 

Results  from  the  unadjusted  and  adjusted  analysis  of  SCL-90-R  obsessive-compulsive 
behavior  from  Models  4,  5,  and  6  indicated  that  the  association  between  current  dioxin  and 
the  prevalence  of  a  high  T-score  was  nonsignificant  (Table  12-12(g,h):  p>0.29  for  each 
analysis).  Adjusted  results  for  each  model  are  based  on  the  final  model  after  the  deletion  of 
the  significant  interactions  of  current  dioxin-by-current  alcohol  use  and  current  dioxin-by¬ 
current  total  household  income.  Other  covariates  displaying  significance  in  each  final  model 
were  lifetime  alcohol  history,  education,  and  current  employment.  Results  stratified  by  each 
combination  of  categories  of  current  alcohol  use  and  current  total  household  income  are 
presented  in  Appendix  Table  H-2-8  for  each  model. 
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Table  12-12. 

Analysis  of  SCL-90-R  Obsessive-Compulsive  Behavior 


a)  MODEL  1:  RANCH  HANDS  VS.  COMPABISONS  —  UNADJUSTED 


OcoipatioiBd  Cat^iy 

Groop 

n 

Percoit 

High 

Est.  Rdiaaive  Si^ 
i9S%  C.I,) 

jp-Yahie 

All 

Ranch  Hand 

948 

11.0 

1.30(0.98,1.72) 

0.082 

Comparison 

1,279 

8.7 

Officer 

Ranch  Hand 

367 

6.3 

1.22  (0.69,2.18) 

0.596 

Comparison 

501 

5.2 

Enlisted  Flyer 

Ranch  Hand 

161 

14.9 

1.37  (0.74,2.53) 

0.393 

Comparison 

203 

11.3 

Enlisted  Groundcrew 

Ranch  Hand 

420 

13.6 

1.30(0.89,1.91) 

0.215 

Conroarison 

575 

10.8 

:  RANCH  HANDS  VS. 

COMPARISONS  -  ADJUSTED  j 

AdJ.  Relative  Risk 

:Cdvanate  Remarks^  -i’-:' 

Occupational  Cat^oiy  .. 

(95^  CJ.)  ■■ 

p-Value 

AU 

1.35  (1.00,1.80) 

0.047 

AGE  (p=0.023) 

OCC  (p=0.018) 

Officer 

1.28  (0.71,2.28) 

0.412 

DRKYR  (p=0.003) 

Enlisted  Flyer 

1.45  (0.76,2.74) 

0.258 

INC  (p<0.001) 

Enlisted  Groundcrew 

1.34(0.90,1.99) 

0.149 

“  Covariates  and  associated  p-values  correspond  to  final  model  based  on  all  participants  with  available  data. 
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Table  12-12.  (Continued) 

Analysis  of  SCL-90-R  Obsessive-Compulsive  Behavior 


c)  MODEL  2:  RANCH  HANDS  -  INIHAL  DIOXIN  —  UNADJUSTED 


Ddiial  lEoxnt.C^t^ot7  Summaiy  Statistics 


Initial  Dioxin 

n 

Percent 

Sfigh 

EsUmated  Relative  RisJt 
(9S%  C.l)’> 

Low 

173 

11.6 

1.11  (0.91,1.36) 

Medium 

173 

8.1 

High 

171 

12.9 

Analysis  Results  for  Logj  dnit^  Diosdn)^ 

&tiinat€d  Relative  Rids 

(95%  CX)^  p^Value 

1.11  (0.91,1.36)  0.304 


_  initial  DIOXD?  --  ADJUSTED 
Analysis  Resuits  for  Log^  (Initiai  Dioxin)® 

Adj.  Relative  Risk  <95%  CJ.)**  p-Vaine  Covariai 


1.05  (0.83,1.34)** 


0.674** 


Corariate  Remarks 

INIT*OCC  (p=0.017) 
INIT*INC  (p=0.013) 
ALC  (p =0.052) 
DRKYR  (p =0.002) 
COMBDAYS  (p=0.018) 


Relative  risk  for  a  twofold  increase  in  initial  dioxin. 

from  the  time  of  duty  in 

A  to  the  date  of  the  blood  draw  for  dioxm,  and  covariates  specified  under  "Covariate  Remarks"  column.^ 

n^Sif  H  <P^0.05);  adjusted  relative  risk,  confidence  interval 

md  p-vdue  denved  from  a  model  fitted  after  deletion  of  these  interactions;  refer  to  Appendix  Table  H-2-8 
for  further  analysis  of  these  interactions. 

Note;  Low  =  39-98  ppt;  Medium  =  >98-232  ppt;  High  =  >232  ppt. 
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Table  12-12.  (Continued) 

Analysis  of  SCL-90-R  Obsessive-Compulsive  Behavior 


e)  MODEl,  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGIffllY  — 

DNADJUSTFED 

IHoxin  Cat^ory 

n 

Hfeh 

£st.  Relative  Ri^ 
(95%C.L)^  . 

p-Vaioe 

Comparison 

1,061 

8.6 

Background  RH 

373 

10.7 

1.32  (0.89,1.96) 

0.171 

LowRH 

259 

8.9 

1.01  (0.62,1.63) 

0.982 

HighRH 

258 

12.8 

1.54  (1.00,2.36) 

0.049 

Low  plus  High  RH 

517 

10.8 

1.26  (0.89,1.80) 

0.196 

f)  MODEL  3: 

RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  —  ADJUSTED 

AdJ.  Rdative  Risk 

DioxiB  Category 

n 

(95%  CJ.)®® 

p-Valae 

Covatiide  Rmaiiss 

Comparison 

1,031 

OCC  (p =0.006) 

DRKYR  (p  =0.005) 

Background  RH 

359 

1.79  (1.17,2.73) 

0.007 

INC  (p =0.007) 

EMPLOY  (p  =0.030) 

Low  RH 

249 

0.97  (0.58,1.62) 

0.908 

HighRH 

251 

1.26  (0.81,1.97) 

0.307 

Low  plus  High  RH 

500 

1.13  (0.78,1.63) 

0.530 

®  Relative  risk  and  confidence^interval  relative  to  Comparisons. 

Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 

®  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  "Covariate  Remarks"  column. 

Note:  RH  =  Ranch  Hand. 

Comparison:  Current  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  Current  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  Current  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  143  ppt. 

High  (Ranch  Hand):  Current  Dioxin  >  10  ppt.  Initial  Dioxin  >  143  ppt. 
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Table  12-12.  (Continued) 

Analysis  of  SCLr90-R  Obsessive-Compulsive  Behavior 


g)  MODELS  4,  5,  AND  6;  RANCH  HANDS  -  CURRENT  DIOXIN  -  IJNABJtrSTED 


ModeP 

Low 

Currrait  Dioxin  Csd^oiy 
Percent  H^h/Cn) 

Medium 

Hi]^ 

Analysis  Results  For  Logj 
(Current  IHoxm  +  1) 

Relative  Risic 

(95%  CJ.)**  p-Vaiue 

4 

10.2 

(294) 

10.4 

(299) 

11.8 

(297) 

1.02  (0.88,1.18) 

0.766 

5 

10.7 

(299) 

9.5 

(296) 

12.2 

(295) 

1.02  (0.90,1.15) 

0.809 

6*= 

10.4 

(298) 

9.5 

(296) 

12.2 

(295) 

0.99  (0.87,1.13) 

0.893 

h)  MODELS  4,  5,  AND  6:  RANCH  HANDS  -  CURRENT  DIOXIN  -  ADJUSTED 


Analysis  Results  for  Log^  (Cmrent  Dioxia  +  1) 

ModeP 

n 

Adj .  Rdative  Risk 
(95%  C.L)'» 

p-Value 

Covariate  Reraariss 

4 

859 

0.94  (0.81,1.10)** 

0.456** 

CURR*ALC  (p  <0.001) 

CURR*1NC  (p=0.013) 

DRKYR  (p =0.005) 

EDUC  (p=0.020) 

EMPLOY  (p =0.077) 

5 

859 

0.95  (0.84,1.08)** 

0.461** 

CURR*ALC  (p <0.001) 

CURR*INC  (p  =0.002) 

DRKYR  (p=0.005) 

EDUC  (p=0.022) 

EMPLOY  (p =0.070) 

6‘* 

858 

0.93  (0.81,1.07)** 

0.295** 

CURR*ALC  (p  <0.001) 

CURR*INC  (p =0.009) 

DRKYR  (p =0.004) 

EDUC  (p=0.022) 

EMPLOY  (p =0.065) 

“  Model  4;  Logj  (lipid-adjusted  cuirent  dioxin  +  1). 

Model  5;  Logj  (whole-weight  current  dioxin  +  1). 

Model  6:  Log2  (whole-weight  current  dioxin  +  1),  adjusted  for  log2  total  lipids. 

*’  Relative  risk  for  a  twofold  increase  in  current  dioxin. 

Adjusted  for  log2  total  lipids. 

**  Adjusted  for  logj  total  lipids  in  addition  to  covariales  specified  under  "Covariate  Remarks"  column. 

**  Log2  (current  dioxin  -I-  l)-by-covariate  interactions  (p<0.05);  adjusted  relative  risk,  confidence  interval, 
and  p-value  derived  from  a  model  fitted  after  deletion  of  these  interactions;  refer  to  Appendix  Table  H-2-8 
for  further  analysis  of  these  interactions. 

Note:  Model  4:  Low  =  <  8.1  ppt;  Medium  =  >8.1-20.5  ppt;  High  =  >20.5  ppt. 

Models  5  and  6:  Low  =  <  46  ppq;  Medium  =  >46-128  ppq;  High  =  >  128  ppq. 
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SCL-90-R  Paranoid  Ideation 


Both  Model  1  unadjusted  and  adjusted  analyses  displayed  a  significant  group  difference 
in  the  prevalence  of  high  SCL-90-R  paranoid  ideation  T-scores  from  the  contrast  combining 
all  occupations  (Table  12-13(a,b):  p=0.022,  Est.  RR=1.55  and  p=0.010,  Adj.  RR=1.65). 
Marginally  significant  differences  were  found  in  the  unadjusted  and  adjusted  enlisted 
groundcrew  contrasts,  as  well  as  the  adjusted  enlisted  flyer  contrast  (Table  12-13(a,b): 
p=0.073,  Est.  RR=1.58;  p=0.078,  Adj.  RR=1.55;  and  p=0.070,  Adj.  RR=2.23 
respectively).  Other  Model  1  contrasts  were  nonsignificant  (Table  12-13(a,b):  p>0.21  for 
each  remaining  contrast).  Ranch  Hands  had  a  greater  percentage  of  high  T-scores  than 
Comparisons  combining  all  occupations  (Table  12-13(a):  7.0%  vs.  4.6%),  as  well  as  within 
each  occupation  (Table  12-13(a):  3.0%  vs.  2.4%  for  officers,  9.3%  vs.  5.4%  for  enlisted 
flyers,  and  9.5%  vs.  6.3%  for  enlisted  groundcrew).  Significant  covariates  present  in  the 
final  model  were  occupation,  lifetime  alcohol  history,  current  total  household  income,  and 
the  group-by-race  interaction.  Adjusted  results  are  based  on  the  final  model  after  deletion  of 
the  interaction,  and  results  stratified  by  race  are  presented  in  Appendix  Table  H-2-9. 


Tests  of  association  between  SCL-90-R  paranoid  ideation  and  initial  dioxin  were 
nonsignificant  for  both  unadjusted  and  adjusted  Model  2  analyses  (Table  12-13(c,d):  p>0.65 
for  both  analyses).  Lifetime  alcohol  history,  education,  current  total  household  income, 
current  marital  status,  current  parental  status,  and  combat  service  were  significant  covariates 
in  the  final  adjusted  model. 

The  Model  3  unadjusted  analysis  revealed  significant  differences  in  the  prevalence  of 
high  SCL-90-R  paranoid  ideation  T-scores  when  the  high  Ranch  Hands  and  low  plus  high 
Ranch  Hands  each  were  contrasted  with  Comparisons  (Table  12-13(e):  p =0.010,  Est. 
RR=2.00  and  p=0.029,  Est.  RR=1.64).  The  percentage  of  high  Ranch  Hands,  low  plus 
high  Ranch  Hands,  and  Comparisons  with  high  T-scores  were  8.5,  7.2,  and  4.4  percent 
respectively.  The  backgroimd  Ranch  Hand  contrast  was  significant  and  the  high  Ranch  Hand 
contrast  was  marginally  significant  in  the  adjusted  analysis  (Table  12-13(f):  p =0.007,  Adj. 
RR=2.16  and  p=0.090,  Adj.  RR=1.62).  Adjusted  results  are  based  on  the  final  model 
after  deletion  of  the  significant  interaction  between  categorized  dioxin  and  current  marital 
status.  Other  covariates  significant  in  the  final  model  were  race,  occupation,  lifetime  alcohol 
history,  and  current  total  household  income.  After  exclusion  of  occupation  from  the  final 
model,  the  high  Ranch  Hands  versus  Comparisons  contrast  was  significant,  similar  to  the 
unadjusted  analysis  (Appendix  Table  H-3-7(a):  p=0.031,  Adj.  RR=1.83). 

Unadjusted  and  adjusted  analyses  of  SCL-90-R  paranoid  ideation  for  Models  4,  5,  and  6 
were  nonsignificant  for  tests  of  association  between  current  dioxin  and  prevalence  of  high 
SCL-90-R  paranoid  ideation  T-scores  (Table  12-13(g,h):  p>0.28  for  each  analysis).  Each 
adjusted  model  reflected  covariate  effects  of  occupation,  lifetime  alcohol  history,  current  total 
household  income,  and  current  dioxin-by-covariate  interactions  involving  education,  current 
marital  status,  and  combat  service.  Adjusted  results  are  based  on  the  final  models  after 
deletion  of  the  significant  current  dioxin  interactions.  Results  stratified  by  education,  current 
marital  status,  and  combat  service  are  presented  in  Appendix:  Table  H-2-9. 
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Table  12-13. 

Analysis  of  SCL-90-R  Paranoid  Ideation 


a  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS 

—  LNM»UST^ 

F^cent  " 

£st«  Rdative  iuisk 

Ocraipationai  CategtHy 

Group 

n  : 

(95%  C,L) 

pKValue 

All 

Ranch  Hand 

948 

7.0 

1.55  (1.08,2.22) 

0.022 

Comparison 

1,279 

4.6 

Officer 

Ranch  Hand 

367 

3.0 

1.26  (0.55.2.89) 

0.740 

Comparison 

501 

2.4 

Enlisted  Flyer 

Ranch  Hand 

161 

9.3 

1.79  (0.80,4.02) 

0.219 

Comparison 

203 

5.4 

Enlisted  Groundcrew 

Ranch  Hand 

420 

9.5 

1.58  (0.99,2.52) 

0.073 

Comparison 

575 

6.3 

b>  MODEL  1:  lt4NCH  HANDS  VS.  COMPAMSONS  ~  ADIUSTED 


Occupationai  Cat^oi^ 

Adj.  Relative  Risk 
(95%  C.L) 

i-i;;- .  ■  ■  .f-piValuie 

Covarmte  Remarks^ 

AH 

1.65  (1.13,2.41)** 

0.010** 

GROUP*RACE  (p=0.044) 

Officer 

1.46  (0.62,3.42)** 

0.386** 

OCC  (p =0.129) 
DRKYR  (p  <0.001) 

Enlisted  Flyer 

2.23  (0.94,5.31)** 

0.070** 

INC  (p  <0.001) 

Enlisted  Groundcrew 

1.55  (0.95,2.53)** 

0.078** 

“  Covariates  and  associated  p-values  correspond  to  final  model  based  on  all  participants  with  available  data. 


**  Group-by-covariate  interaction  (0.01  <p^0.05);  adjusted  relative  risk,  confidence  interval,  and  p-value 
derived  from  a  model  fitted  after  deletion  of  this  interaction;  refer  to  Appendix  Table  H-2-9  for  fimher 
analysis  of  this  interaction. 
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Table  12-13.  (Continued) 
Analysis  of  SCL-90-R  Paranoid  Ideation 


c)  MODEL  2:  RANCH  HANDS  —  INITIAL  DIOXIN  —  DNADJUSIED 


Initial  IMoxin  Cat^tny  Smnmary  Statistics 

Analysis  Results  for  Log^  (Initial  Diosdn}^ 

Initial  Dioxin 

n 

Parent 

High 

Estimated  Relative  Risit 
(95%  CX)” 

p-Vaiue 

Low 

173 

5.8 

1.06  (0.82,1.36) 

0.652 

Medium 

173 

8.1 

High 

171 

7.6 

4)  MODEL  2:  RANC^  HANDS  ~  INITIAL  DIOXIN ADJUSTED _ 

Analysis  Results  for  Logj  (Initial  Dioxin)® 

a  Adj.  Rdative  Risk  <95%  C.L)*’ _ _  CoYariate  Remarics 

500  0.98  (0.74,1.31)  0.914  DRKYR  (p= 0.002) 

EDUC(p=0.111) 
INC  (p=0.035) 
MARITAL  (p =0.012) 
PARENT  (p =0.065) 
COMBDAYS  (p =0.017) 


*  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 

^  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 

Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  "Covariate  Remarks"  column. 

Note:  Low  =  39-98  ppt;  Medium  =  >98-232  ppt;  High  =  >232  ppt. 
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Table  12-13.  (Continued) 
Analysis  of  SCL-90-R  Paranoid  Ideation 


e)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CAIEGKHIY  — 

UNADJUSTED 

DioxiB  Cat^oty 

n 

Perc^ 

High 

Est.  Rdative  Ri^ 

(95%  C.L)* 

p-Yaiue 

Comparison 

1,061 

4.4 

Background  RH 

373 

6.2 

1.44  (0.86,2.41) 

0.170 

Low  RH 

259 

5.8 

1.31  (0.72,2.38) 

0.380 

HighRH 

258 

8.5 

2.00  (1.18,3.39) 

0.010 

517 

7.2 

1.64  (1.05,2.57) 

0.029 

f)  MODEL  3; 

RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  —  ADJUSTED 

A^,  Rdative  Risk 

IMoxiii  Category 

n 

(95%  CX)®® 

p-Value 

Covaiiate  Ronarks 

Comparison 

1,031 

DXCAT*MARITAL  (p =0.032) 

RACE  (p=0. 106) 

Background  RH 

359 

2.16  (1.24,3.78)** 

0.007** 

OCC  (p=0.049) 

Low  RH 

249 

1.29  (0.67,2.47)** 

0.451** 

DRKYR  (p<  0.001) 

INC  (p=0.001) 

HighRH 

251 

1.62  (0.93,2.82)** 

0.090** 

Low  plus  High  RH 

500 

1.47  (0.92,2.36)** 

0.110** 

®  Relative  risk  and  confidence  interval  relative  to  Comparisons. 

Adjusted  for  percent  body  fat  at  tbe  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  ^e  of  the  blood  draw  for  dioxin. 

Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  "Covariate  Remarks"  column. 

**  Categorized  dioxin-by-covariate  interaction  (0.01  <p  <0.05);  adjusted  relative  risk,  confidence  interval,  and 
p-value  derived  from  a  model  fitted  after  deletion  of  this  interaction;  refer  to  Appendix  Table  H-2-9  for 
further  analysis  of  this  interaction. 

Note:  RH  =  Ranch  Hand. 

Comparison:  Current  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  Current  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  Current  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  ^  143  ppt. 

High  (Ranch  Hand):  Current  Dioxin  >  10  ppt.  Initial  Dioxin  >  143  ppt. 
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Table  12-13.  (Continued) 
Analysis  of  SCL-90-R  Paranoid  Ideation 


g)  MODELS  4^  5,  AM)  6:  RANCH  HANDS  -  CURRENT  DIOXIN  -  UNADJUSTED 


ModeP 

Low 

Current  Dioxin  Cat^ory 
Percent  Higii/(n) 

Medium 

Bi^ 

Analy^  Results  for  Log^ 

(Currort  XHmdn  +  j)  -  -- 

EsL  Relative  Ritii 

(95%  CJ.)*^  p-Value 

4 

5 

6^ 

6.1 

(294) 

6.0 

(299) 

6.0 

(298) 

5.4 
(299) 

6.4 
(296) 

6.4 

(296) 

8.8 

(297) 

7.8 

(295) 

7.8 

(295) 

1.08  (0.90,1.28)  0.420 

1.09(0.93,1.27)  0.280 

1.06  (0.90,1.25)  0.506 

h)  MODELS  4,  5,  AND  6;  RANCH  HANDS  - 

CURRBST  DIOXIN  —  ADJUSTED 

Model^* 

11 

Analysis  Results  for  Log2  (Currait  Dioxin  +  1) 

Adj.  Relative  Risk 

C.I.)*’  p-Value  Covariate  Remarks 

4 

859 

0.92  (0.76,1.12)** 

0.405** 

CURR*EDUC  (p =0.027) 
CURR*MARITAL  (p=0.012) 
CURR*COMBDAYS  (p  <0.001) 

OCC  (p =0.044) 

DRKYR  (p=0.001) 

INC  (p=0.013) 

5 

859 

0.96  (0.82,1.13)** 

0.639** 

CURR*EDUC  (p =0.017) 
CURR*MARITAL  (p=0.016) 
CURR*COMBDAYS  (p  <0.001) 

OCC  (p=0.053) 

DRKYR  (p=0.003) 

INC  (p=0.015) 

6** 

858 

0.92  (0.77,1.10)** 

0.378** 

CURR*EDUC  (p =0.023) 
CURR*MARITAL  (p =0.015) 
CURR*COMBDAYS  (p  <0.001) 

OCC  (p =0.048) 

DRKYR  (p=0.003) 

INC  (p =0.0 14) 

*  Model  4: 

Log2  (lipid-adjusted  current  dioxin  +  1). 

Model  5:  Log2  (whole-weight  cuirent  dioxin  -I-  1). 

Model  6:  Logj  (whole-weight  current  dioxin  +  1),  adjusted  for  log2  total  lipids. 

**  Relative  risk  for  a  twofold  increase  in  current  dioxin. 

^  Adjusted  for  log2  total  lipids. 

^  Adjusted  for  log2  total  lipids  in  addition  to  covariates  specified  under  "Covariate  Remarks"  coliunn. 

**  Log2  (current  dioxin  +  l)-by-covariate  interactions  (p<0.05);  adjusted  relative  risk,  confidence  interval, 
and  p-value  derived  from  a  model  fitted  after  deletion  of  these  interactions;  refer  to  Appendix  Table  H-2-9 
for  further  analysis  of  these  interactions. 

Note:  Model  4:  Low  =  <  8.1  ppt;  Medium  =  >8.1-20.5  ppt;  High  =  >20.5  ppt. 

Models  5  and  6:  Low  =  <  46  ppq;  Medium  =  >46-128  ppq;  High  =  >  128  ppq. 
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SCL-90-R  Phobic  Anxiety 


All  contrasts  performed  from  the  unadjusted  and  adjusted  analyses  of  SCL-90-R  phobic 
anxiety  displayed  nonsignificant  results  for  Model  1  (Table  12-14(a,b):  p>0.53  for  all 
contrasts).  Occupation,  lifetime  alcohol  history,  education,  current  total  household  income, 
current  employment,  and  current  parental  status  were  significant  in  the  final  adjusted  model. 

The  Model  2  unadjusted  analysis  of  SCL-90-R  phobic  anxiety  revealed  a  significant 
association  between  initial  dioxin  and  prevalence  of  a  high  SCL-90-R  phobic  anxiety  T-score 
(Table  12-14(c):  p=0.036,  Est.  RR=1.27).  Results  were  marginally  significant  after 
covariate  adjustment  of  current  alcohol  use,  lifetime  alcohol  history,  education,  current 
employment,  and  current  marital  status  (Table  12-14(d):  p=0.051,  Adj.  RR=1.27). 

The  Model  3  unadjusted  analysis  of  SCL-90-R  phobic  anxiety  revealed  a  marginally 
significant  difference  between  high  Ranch  Hands  and  Comparisons  (Table  12-14(e): 
p=0.094,  Est.  RR=1.47).  Adjusted  analysis  displayed  a  marginally  significant  difference 
between  background  Ranch  Hands  and  Comparisons  (Table  12-14(f):  p=0.094,  Adj. 
RR=1.52).  All  remaining  Model  3  contrasts  were  nonsignificant  (Table  12-14(e,f):  p>0.41 
for  all  remaining  contrasts).  Adjustment  for  covariates  included  age,  occupation,  lifetime 
alcohol  history,  education,  current  total  household  income,  current  employment,  and  current 
parental  status  in  the  final  model.  When  occupation  was  removed  from  the  final  model,  the 
background  Ranch  Hand  versus  Comparison  contrast  became  nonsignificant  (Appendix  Table 
H-3-ll(a):  p =0.229). 

Marginally  significant  associations  between  SCL-90-R  phobic  anxiety  and  current  dioxin 
were  found  in  the  unadjusted  analyses  of  Models  4  and  5  (Table  12-14(g):  p =0.089,  Est. 
RR=1.15  and  p=0.080,  Est.  RR=1.13).  The  percentage  of  high  SCL-90-R  phobic  anxiety 
T-scores  increased  as  current  dioxin  levels  increased.  Model  6  unadjusted  and  adjusted 
analyses  were  both  nonsignificant,  as  well  as  the  Model  4  and  5  adjusted  analyses  (Table  12- 
14(g,h):  p>0.29  for  each  analysis).  Occupation,  lifetime  alcohol  history,  education,  current 
employment,  and  current  marital  status  were  significant  covariates  in  each  adjusted  model. 

SCL-90-R  Psychotidsm 

All  results  were  nonsignificant  for  all  models  analyzed  for  SCL-90-R  psychotidsm 
(Table  12-15(a-h):  p>0.12  for  each  analysis).  Models  1  and  3  adjusted  for  age,  race, 
occupation,  lifetime  alcohol  history,  and  current  total  household  income.  Model  3  also 
adjusted  for  effects  of  current  employment  and  the  categorized  dioxin-by-current  alcohol  use 
interaction.  Lifetime  alcohol  history,  education,  and  current  marital  status  were  significant 
covariates  in  the  Model  2  adjusted  analysis.  Significant  in  Model  4,  5,  and  6  adjusted 
analyses  were  occupation,  lifetime  alcohol  history,  current  total  household  income,  and 
current  employment.  Current  alcohol  use  also  was  significant  in  Model  5,  while  the  current 
dioxin-by-current  alcohol  use  interaction  was  significant  in  Model  4.  Model  3  and  4  results 
stratified  by  each  category  of  current  alcohol  use  are  presented  in  Appendix  Table  H-2-10. 
Adjusted  Model  3  and  4  results  are  based  on  the  final  models  after  deletion  of  the  significant 
interaction. 
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Table  12-14. 

Analysis  of  SCL-90-R  Phobic  Anxiety 


a)  Mnra^  1  ?  HANCH  HANDS  VS.  COMPARISONS  —  UNADJUSTED 

Occupatiotiiil  Category 

G^oap 

n 

Fercent 

High 

. .  Est.  Rdatire  l^k 
(95%  C.I.) 

p-Value 

All 

Ranch  Hand 

948 

8.4 

1.06  (0.78,1.44) 

0.751 

Comparison 

1,279 

8.0 

Officer 

Ranch  Hand 

367 

2.5 

0.88  (0.37,2.04) 

0.923 

Comparison 

501 

2.8 

Enlisted  Flyer 

Ranch  Hand 

161 

10.6 

1.21  (0.60,2.44) 

0.715 

Comparison 

203 

8.9 

Bilisted  Groundcrew 

Ranch  Hand 

420 

12.9 

1.06  (0.73,1.56) 

0.822 

Comparison 

575 

12.2 

bV  MODEL!;  RANCH  HANDS  VS.  COMPARISONS  -  ADJUSTED 

Occupational  Category  i  ^ 

Adj.  Rdtotive  Risk 
(95%  C.I.) 

p-Vaiue 

Covariate  Remarks’^ 

All 

1.10  (0.80,1.52) 

0.563 

OCC  (p <0.001) 
DRKYR  (p  =0.148) 

Officer 

0.99  (0.42,2.36) 

0.982 

EDUC  (p =0.044) 

Enlisted  Flyer 

1.19  (0.58,2.43) 

0.642 

INC  (p<0.001) 
EMPLOY  (p  =0.011) 

Enlisted  Groundcrew 

1.10  (0.74,1.63) 

0.638 

PARENT  (p  =0.1 18) 

Covariates  and  associated  p-values  correspond  to  final  model  based  on  all  participants  with  available  data. 
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Table  12-14.  (Continued) 
Analysis  of  SCL-90-R  Phobic  Anxiety 


c)  MODEL  2:  RANCH  HANDS  —  INITIAL  DIOXIN  —  I3NADJUSTED 


Initial  Dioxin  Cat^ory  Summary  Statistics 

Analysis  Results  for  Log^  (Initial  Dioxin)^ 

Initial  Dioiidn 

n 

Percent 

High 

E^Umated  Relative  Risk 
(95%  C.I.)'’ 

p-Value 

Low 

173 

5.8 

1.27  (1.02,1.58) 

0.036 

Medium 

173 

8.7 

High 

171 

12.3 

d)  MODEL  2;  RANCH  HANDS- 

-  INIHAL  DIOXIN  - 

ADJUSTED 

Analysis  Results  for  Log2  (Initial  Dioxin)^ 

n 

Adj,  Relative  Risk  (95%  C.I.)*’ 

p-Value 

Covariate  Remarks 

504 

1.27  (1.00,1.61) 

0.051 

ALC  (p=0.119) 

DRKYR  (p=0.070) 

EDUC  (p=0.003) 
EMPLOY  (p=0.041) 
MARITAL  (p=0.033) 

®  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 


**  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 

‘  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  "Covariate  Remarks"  column. 

Note:  Low  =  39-98  ppt;  Medium  =  >98-232  ppt;  High  =  >232  ppt. 
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Table  12-14.  (Continued) 
Analysis  of  SCL-90-R  Phobic  Anxiety 


e)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  - 

-UNADJUSTED 

Dioxin  Cat^oty 

n 

Perc^ 

High 

Est.  Relative  Ritic 
(95%  CX)** 

p-Valne 

Comparison 

1,061 

7.8 

Background  RH 

373 

7.5 

0.98  (0.63,1.54) 

0.933 

Low  RH 

259 

6.6 

0.80  (0.46,1.37) 

0.413 

HighRH 

258 

11.2 

1.47  (0.94,2.31) 

0.094 

Low  plus  High  RH 

517 

8.9 

1.12(0.77,1.64) 

0.560 

f)  MODEL  3: 

RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATE(R)RY  -  ADJUSTED 

Dioxin 

n 

AdJ,  Rdative  Ri^ 
(95%  C.L)^ 

p-Value 

Covariate  Remarks 

Comparison 

Backgroxmd  RH 

1,031 

359 

1.52  (0.93,2.47) 

0.094 

AGE  (p=0.078) 

OCC  (p=0.001) 

DRKYR  (p=0.095) 

LowRH 

249 

0.79  (0.45,1.42) 

0.434 

EDUC  (p=0.050) 

INC  (p=0.001) 

HighRH 

251 

1.02  (0.64,1.64) 

0.922 

EMPLOY  (p =0.008) 

Lx)w  plus  High  RH 

500 

0.93  (0.62,1.38) 

0.706 

PARENT  (p =0.031) 

®  Relative  risk  and  confidence  interval  relative  to  Comparisons. 

Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 

'  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  "Covariate  Remarks"  column. 

Note;  RH  =  Ranch  Hand. 

Comparison:  Current  Dioxin  <  10  ppt. 

Background  (Ranch  Hand);  Current  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  Current  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  143  ppt. 

High  (Ranch  Hand);  Current  Dioxin  >  10  ppt.  Initial  Dioxin  >  143  ppt. 


12-74 


Table  12-14.  (Continued) 
Analysis  of  SCL-90-R  Phobic  Anxiety 


g)  MODELS  4,  5,  AND  6;  RANCH  HANDS  -  CURRENT  DIOXIN  -  UNADJUSTED 


Model‘ 

Low 

Current  Dioan  Category 
Fo’cent  Higli/(n) 

Medium 

Hi^ 

Aualy^  Results  for  L<^2 
(Currmt  Dioxin  +  1) 

Est.  Rdative  Ridt 

(95%  C-L)'^  p-Vahie 

4 

6.5 

(294) 

7.7 

(299) 

10.8 

(297) 

1.15  (0.98,1.35) 

0.089 

5 

6.0 

(299) 

8.5 

(296) 

10.5 

(295) 

1.13  (0.99,1.30) 

0.080 

6‘ 

6.0 

(298) 

8.5 

(296) 

10.5 

(295) 

1.08  (0.93,1.26) 

0.293 

h)  MODELS  4,  5,  AND  6;  RANCH  HANDS  -  CURRENT  DIOXIN  -  ADJUSTED 


ModeP 

n 

Analysis  Results  for  Log2  (Cundit  Dioxin  +  1) 

Adj.  Relative  Rtek 

(95%  C.L)*'  p-Vdue  Covaiiate  Remarks 

4 

870 

0.96  (0.81,1.14) 

0.635 

OCC  (p =0.001) 

DRKYR  (p=0.060) 

EDUC  (p=0.039) 

EMPLOY  (p =0.002) 

MARITAL  (p =0.058) 

5 

870 

0.98  (0.84,1.13) 

0.731 

OCC  (p =0.002) 

DRKYR  (p=0.061) 

EDUC  (p =0.038) 

EMPLOY  (p=0.001) 

MARITAL  (p=0.058) 

6'* 

869 

0.92  (0.78,1.08) 

0.297 

OCC  (p  <0.001) 

DRKYR  (p=0.073) 

EDUC  (p=0.049) 

EMPLOY  (p=0.001) 

MARITAL  (p =0.072) 

®  Model  4:  hogj  (lipid-adjusted  current  dioxin  +  1). 

Model  5:  Logj  (whole-weight  ciurent  dioxin  -I-  1). 

Model  6:  Log2  (whole-weight  current  dioxin  +  1),  adjusted  for  log2  total  lipids. 

**  Relative  risk  for  a  twofold  increase  in  current  dioxin. 

^  Adjusted  for  logj  total  lipids. 

**  Adjusted  for  log2  total  lipids  in  addition  to  covariates  specified  under  "Covariate  Remarks"  column. 

Note:  Model  4:  Low  =  <  8.1  ppt;  Medium  =  >8.1-20.5  ppt;  High  =  >20.5  ppt. 

Models  5  and  6:  Low  =  <  46  ppq;  Medium  =  >46-128  ppq;  High  =  >  128  ppq. 
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Table  12-15. 

Analysis  of  SCLr90-R  Psychoticism 


a)  MODEL  1:  RANCH  HANDS  VS. 

COMPARISONS 

-  UNADJUSTED 

Occiiqiatioiiai  Cat^tay 

Group 

tl 

Percoit 

High 

Relative 
(95%  C,I.) 

p-Vatoe 

All 

Ranch  Hand 

948 

9.6 

1.10  (0.82,1.46) 

0.587 

Comparison 

1,279 

8.8 

Officer 

Ranch  Hand 

367 

5.2 

1.09  (0.59,2.01) 

0.920 

Comparison 

501 

4.8 

Enlisted  Flyer 

Ranch  Hand 

161 

11.8 

1.38  (0.70,2.72) 

0.456 

Comparison 

203 

8.9 

Enlisted  Groundcrew 

Ranch  Hand 

420 

12.6 

1.03  (0.70,1.50) 

0.975 

Comparison 

575 

12.4 

b>  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS  -  ADJUSTED 

Adj.  Relative  Risk 

Ocoipational  Cat^ory 

(95%  C.L) 

p-VsQue 

.  Covariafe  Remarks^ 

All 

1.16  (0.86,1.58) 

0.329 

AGE  (p=0.005) 

Officer 

1.08  (0.57,2.03) 

0.815 

RACE  (p=0.133) 

OCC  (p =0.009) 

Enlisted  Flyer 

1.57(0.77,3.19) 

0.210 

DRKYR  (p=0.021) 

Enlisted  Groundcrew 

1.09  (0.73,1.63) 

0.674 

INC  (p<  0.001) 

®  Covariates  and  associated  p-values  correspond  to  final  model  based  on  all  participants  with  available  data. 
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Table  12-15.  (Contmued) 
Analysis  of  SCL-90-R  l^choticism 


c)  MODEL  2i  RANCH  HANDS  —  INITIAL  DIOXIN  —  DNADJUSIED 


Initial  IMorin  Categoiy  Sununary  Statistics 

Analysis  Residts  for  Logj  ^litiatl  Dioxin)^ 

Initial  Dioxin 

n 

Percent 

High 

Estimated  Relative  Rislt 
(95% 

p-Value 

Low 

173 

9.8 

1.06  (0.86,1.32) 

0.587 

Medium 

173 

8.7 

High 

171 

10.5 

_ d)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  ^  ADJUSTED _ .  • 

•  Anatysis  Residtslor.'-Logj '-.(Initial  Dinxiny^:  JQ';;. 

n  Adj.  Rdative  Rii&  (95%  C.L)^  p-Valae  _ Covariate  Remarks _ 

504  1.07(0.85,1.35)  0.555  DRKYR  (p =0.052) 

EDUC  (p=0.084) 

_ _ _ _ _ MARITAL  (p =0.051) 

^  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 

**  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 

^  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  tima  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  "Covariate  Remarks"  column. 

Note:  Low  =  39-98  ppt;  Medium  =  >98-232  ppt;  High  =  >232  ppt. 
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Table  12-15.  (Continued) 
Analysis  of  SCL-90-R  Psychoticism 


e)  MODEL  3:  RANCH  HANDS  AKD  COMPARISONS  BY  DIOXIN  CATEGORY  —  IMADJUgEED, 


INcodn  Cat^oty 

Percrat 

High 

Est.  Relative  RMt 
(95%  C.L)^ 

p-Valoe 

Comparison 

1,061 

8.7 

Background  RH 

373 

8.9 

1.05  (0.69,1.60) 

0.809 

LowRH 

259 

8.5 

0.96  (0.59,1.56) 

0.852 

HighRH 

258 

10.9 

1.26  (0.80,1.97) 

0.317 

Low  plus  High  RH 

517 

9.7 

1.10  (0.77,1.59) 

0.598 

©MODEL  3: 

RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  ^  AIXIUSTED 

AdJ.  Rdative  Risk 

IHoxm  Cat^ory 

n 

■■■(95%  CX)*^  , 

p-Value 

Covariate  Rmarfcs 

Comparison 

1,031 

DXCAT*ALC  (p =0.019) 

AGE  (p  =0.050) 

Background  RH 

359 

1.43  (0.91,2.25)** 

0.122** 

RACE  (p =0.047) 

OCC  (p =0.005) 

LowRH 

249 

0.90  (0.53,1.54)** 

0.704** 

DRKYR  (p =0.026) 

HighRH 

251 

1.12  (0.70,1.80)** 

0.636** 

INC  (p =0.005) 

EMPLOY  (p=0.148) 

Low  plus  High  RH 

500 

1.02  (0.69,1.50)** 

0.928** 

®  Relative  risk  and  confidence  interval  relative  to  Comparisons. 

Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 

Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  "Covariate  Remarks"  column. 

**  Categorized  dioxin-by-covariate  interaction  (0.01  <p<0.05);  adjusted  relative  risk,  confidence  interval,  and 
p-value  derived  from  a  model  fitted  after  deletion  of  this  interaction;  refer  to  Appendix  Table  H-2-10  for 
further  analysis  of  this  interaction. 

Note:  RH  =  Ranch  Hand. 

Comparison:  Current  Dioxin  <10  ppt. 

Background  (Ranch  Hand):  Current  Dioxin  ^  10  ppt. 

Low  (Ranch  Hand):  Current  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  143  ppt. 

High  (Ranch  Hand):  Current  Dioxin  >  10  ppt.  Initial  Dioxin  >  143  ppt. 
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Table  12-15.  (Continued) 
Analysis  of  SCL-90-R  P^choticism 


g)  MODELS  4,  5>  AND  6;  RANCH  HANDS  —  CURRENT  DIOXIN  -  UNADJUSTED 


Cnirent  Dioxin  Cat^ory 

1  Analysis  Results  for  Loat 

-•  . 

Pment  ]l^h/(n} 

(Cnirent  IMoxin  4-  I) 

Rdative  Ri^ 

ModeP 

Low 

Medium 

High 

(95%  C.L)'’ 

p-Vaine 

4 

8.2 

9.4 

10.4 

1.07  (0.92,1.25) 

0.371 

(294) 

(299) 

(297) 

5 

8.7 

8.8 

10.5 

1.08  (0.94,1.23) 

0.275 

(299) 

(296) 

(295) 

6= 

8.7 

8.8 

10.5 

1.05  (0.91,1.21) 

0.526 

(298) 

(296) 

(295) 

h)  MODELS  4  5,  AND  6;  RANCH  HANDS  -  CURRENT  DIOXIN  ~  ADJUSTED 


ModeP 

Analysis  Results  for  IjOg^  (Curr^it  Ditndn  +1) 

Al(j.  Rdative  Risk 

C95%  CJ.)**  p-Value  Covariate  Remarits 

4 

859 

0.95  (0.80,1.13)** 

0.559** 

CURR*ALC  (p=0.036) 

OCC  (p  =0.045) 

DRKYR  (p=0.012) 

INC  (p  =0.1 13) 

EMPLOY  (p=0.061) 

5 

859 

0.98  (0.84,1.13) 

0.747 

OCC  (p =0.072) 

ALC  (p =0.150) 

DRKYR  (p =0.027) 

INC  (p  =0.103) 

EMPLOY  (p=0.057) 

6“* 

858 

0.94(0.81,1.10) 

0.471 

OCC  (p  =0.076) 

DRKYR  (p =0.007) 

INC  (p =0.090) 

EMPLOY  (p=0.080) 

“  Model  4:  Logj  (lipid-adjusted  current  dioxin  -f  1). 

Model  5:  Logj  (whole-weight  current  dioxin  -1-  1). 

Model  6:  Log2  (whole-weight  current  dioxin  -h  1),  adjusted  for  log2  total  lipids. 

**  Relative  risk  for  a  twofold  increase  in  current  dioxin. 

Adjusted  for  log2  total  lipids. 

**  Adjusted  for  log2  total  lipids  in  addition  to  covariates  specified  under  "Covariate  Remarks"  column. 

**  Log2  (current  dioxin  -I-  l)-by-covariate  interaction  (0.01  <p  <0.05);  adjusted  relative  risk,  confidence 
interval,  and  p-value  derived  from  a  model  fitted  after  deletion  of  this  interaction;  refer  to  Appendix  Table 
H-2-10  for  further  analysis  of  this  interaction. 

Note:  Model  4:  Low  =  <  8.1  ppt;  Medium  =  >8.1-20.5  ppt;  High  =  >20.5  ppt. 

Models  5  and  6:  Low  =  ^  46  ppq;  Medium  =  >46-128  ppq;  High  =  >128  ppq. 
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SCL-90-R  Somatization 


Significant  group  differences  were  found  in  the  Model  1  unadjusted  and  adjusted 
analyses  of  SCL-90-R  somatization  contrast  combining  all  occupations  (Table  12-16(a,b): 
p=0.048,  Est.  RR=1.36  and  p=0.018,  Adj.  RR=1.45  for  the  unadjusted  and  adjusted 
analyses).  More  Ranch  Hands  (10.2%)  than  Comparisons  (7.7%)  had  a  high  SCL-90-R 
somatization  T-score.  The  adjusted  enlisted  groundcrew  contrast  was  marginally  significant 
(Table  12-16(b):  p=0.081,  Adj.  RR=1.43).  All  other  contrasts  were  nonsignificant  (Table 
12-16(a,b):  p  ^0.15  for  all  remaining  contrasts).  Covariates  in  the  final  adjusted  model 
included  occupation,  lifetime  alcohol  history,  current  total  household  income,  and  current 
employment. 

Model  2  analyses  of  SCL-90-R  somatization  exhibited  a  shift  from  a  nonsignificant 
association  with  initial  dioxin  in  the  unadjusted  analysis  to  a  marginally  significant 
association  after  adjustment  for  effects  of  current  alcohol  use  and  current  marital  status 
(Table  12-16(c,d):  p=0.158  and  p=0.087,  Adj.  RR=1.20  respectively). 

Unadjusted  Model  3  contrasts  identified  significant  differences  between  high  Ranch 
Hands  and  Comparisons  and  between  low  plus  high  Ranch  Hands  and  Comparisons  (Table 
12-16(e):  p=0.011,  Est.  RR=1.75  and  p=0.024,  Est.  RR=1.51  respectively).  A  greater 
percentage  of  Ranch  Hands  than  Comparisons  had  a  high  SCL-90-R  somatization  T-score 
within  each  category  of  Ranch  Hands.  The  background  Ranch  Hand  adjusted  contrast 
revealed  that  significantly  more  Ranch  Hands  than  Comparisons  exhibited  a  high  SCL-90-R 
somatization  T-score  (Table  12-16(f):  p=0.031,  Adj.  RR=1.67).  Remaining  Model  3 
contrasts  were  nonsignificant  (Table  12-16(e,f):  p>0.10  for  each  remaining  contrast). 
Occupation,  lifetime  alcohol  history,  current  total  household  income,  current  employment, 
and  current  marital  status  exhibited  significant  covariate  effects  in  the  final  adjusted  model. 
■Significance  levels  of  contrasts  changed  considerably  after  exclusion  of  occupation  from  the 
final  model.  The  backgroimd  Ranch  Hand  contrast  became  marginally  significant  (Appendix 
Table  H-3-10(a):  p=0.099,  Adj.  PtR=1.47).  Nonsignificant  results  in  the  original  adjusted 
final  model  changed  to  significant  results  for  each  of  the  high  and  low  plus  high  Ranch  Hand 
contrasts  (Appendix  Table  H-3-13(a):  p=0.029,  Adj.  RR=1.65  and  p=0.043,  Adj. 
RR=1.47  respectively).  However,  education  was  not  included  in  this  auxiliary  analysis. 
When  education  was  added  to  the  final  model,  the  results  of  the  contrasts  between  high 
Ranch  Hands  and  Comparisons  and  between  low  plus  high  Ranch  Hands  and  Comparisons 
for  the  SCL-90-R  somatization  T-scores  were  marginally  significant  (Appendix  Table  H-3- 
14(a):  p=0.056,  Adj.  RR=1.55  and  p=0.076,  Adj.  RR=1.41  respectively). 

Unadjusted  analysis  of  SCL-90-R  somatization  for  Models  4  and  5  indicated  that  high 
somatization  T-scores  increased  as  current  dioxin  levels  increased.  Tests  of  association  were 
marginally  significant  and  significant  for  Models  4  and  5  respectively  (Table  12-16(g): 
p=0.064,  Est.  RR=1.15  and  p=0.023,  Est.  RR=1.16  for  Models  4  and  5).  Results  from 
the  adjusted  analysis  for  Models  4  and  5  and  both  the  unadjusted  and  adjusted  analyses  for 
Model  6  were  nonsignificant  (Table  12-16(g,h):  p>0.22  for  each  analysis).  Significant 
covariates  present  in  each  final  model  include  lifetime  alcohol  history,  current  total  household 
income,  and  current  marital  status,  as  well  as  the  current  dioxin-by-current  alcohol  use 
interaction.  Education  also  was  significant  in  Model  5,  as  was  the  interaction  between 
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Table  12-16. 

Analysis  of  SCL-90-R  Somatization 


a)MOI»ELl;  RANCH  HANDS  VS. 

COMPARISONS 

—  UNADJUSTED 

Occupatkmal  Category 

Group 

n 

Fercrait 

High 

Est.  Rdative  Risk 
(95%  CX) 

P-Value 

All 

Ranch  Hand 

948 

10.2 

1.36  (1.01,1.82) 

0.048 

Comparison 

1,279 

7.7 

Officer 

Ranch  Hand 

367 

5.2 

1.47  (0.76,2.83) 

0.331 

Comparison 

501 

3.6 

Enlisted  Flyer 

Ranch  Hand 

161 

12.4 

1.30  (0.67,2.51) 

0.542 

Comparison 

203 

9.9 

Enlisted  Groundcrew 

Ranch  Hand 

420 

13.8 

1.35  (0.92,1.98) 

0.150 

Comparison 

575 

10.6 

:  RANCH  HANDS  VS. 

COMPARISONS  -  ADJUSIED 

AdJ<  Relative  Risk  . 

OcoipationaJ  Category  : 

(95%C.I.) 

P“Value 

Covartate  Remarks^ 

AU 

1.45  (1.07,1.98) 

0.018 

OCC  (p =0.006) 

Officer 

1.59  (0.80,3.15) 

0.183 

DRKYR  (p=0.079) 

INC  (p  <0.001) 

Enlisted  Flyer 

1.39  (0.70,2.76) 

0.349 

EMPLOY  (p =0.025) 

Enlisted  Groundcrew 

1.43  (0.96,2.14) 

0.081 

^  Covariates  and  associated  p-values  correspond  to  &ial  model  based  on  all  participants  with  available  data. 
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Table  12-16.  (Continued) 
Analysis  of  SCL-90-R  Somatization 


c)  MODEL  2:  RANCH  HANDS  —  IPOIIAL  DIOXIN -- IJNAIMDSTED 

Initial  !X(«dn  Cat^oiy  Summary  Statistics 

Percent 

Initial  Dioxin  n  High 

Analysis  Results  for  Logj  (hutial  Dioxin)^ 

E^imated  Relative  Risk 

(95%  C.L)'*  p-Value 

Low  173  8.7 

Medium  173  12.1 

High  171  12.9 

1.16(0.95,1.41)  0.158 

■  _ d)  MODEL  3:  RANCT  HANDS  -  IWmL  PIOXIN -- ADJUSTEP 

An^sis’Re^ts’for :Logi '(Wtial Dioxta)^ 

n  Adj.  Relative  Risk  (95%  C.I.)'’ _ p-Valae _ CoTariate  Reiaarfcs 

510  1.20  (0.98,1.47)  0.087  ALC  (p=0.129) 

_  MARITAL  (p  <0.001) 

®  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 

**  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 

Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  "Covariate  Remarks"  column. 

Note:  Low  =  39-98  ppt;  Medium  =  >98-232  ppt;  High  =  >232  ppt. 
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Table  12-16.  (Continued) 
Analysis  of  SCL-90-R  Somatization 


^  :  ^  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGCfflt¥ 


IHoxIn  Cai^(H7 

n 

Percent 

High 

JEst.  Relative  Risk  .. 
(95%  C.I.)®^ 

p-Valoe 

Comparison 

1,061 

7.6 

Background  RH 

373 

8.6 

1.16  (0.75,1.78) 

0.505 

LowRH 

259 

9.7 

1.27  (0.80,2.04) 

HighRH 

258 

12.8 

1.75  (1.14,2.70) 

Low  plus  High  RH 

517 

11.2 

1.51  (1.05,2.15) 

f)  MODEL  3: 

RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGCMIY  —  ADJUSTED 

A^j.  R^tive  BSsk 

Dioxin  Category 

n 

(95%  C.I.)*' 

p-Value 

Covaiifde  Roarks 

Coiiq)arison 

1,031 

OCC  (p =0.005) 

DRKYR  (p=0.077) 

Background  RH 

359 

1.67  (1.05,2.67) 

0.031 

INC  (p  <0.001) 

EMPLOY  (p=0.023) 

Low  RH 

249 

1.27  (0.76,2.11) 

0.369 

MARITAL  (p =0.100) 

HighRH 

251 

1.45  (0.92,2.28) 

0.112 

Low  plus  High  RH 

500 

1.37  (0.94,1.99) 

0.107 

®  Relative  risk  and  confidence  interval  relative  to  Comparisons. 

Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 

Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  "Covariate  Remarks"  column. 

Note:  RH  =  Ranch  Hand. 

Comparison:  Current  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  Current  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  Current  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  143  ppt. 

High  (Ranch  Hand):  Current  Dioxin  >  10  ppt.  Initial  Dioxin  >  143  ppt. 
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Table  12-16.  (Continued) 
Analysis  of  SCLr90-R  Somatization 


g)MOPELS4,  RANCH  HANDS  -  CURRENT  DIOXIN  -  UNADJUSTED 


Currait  Dioxin  Cf^i^oiy 

Analysis  Results  for  Log^ 

-  . 

Percent  H^li/(n) 

(Cunrent  IMoxin  +  I) 

£st.  Relative  Ritic 

ModeF 

Low 

Medinm 

High 

(95%  C.L)’’  p-Vatae 

4 

8.2 

9.4 

12.8 

1.15  (0.99,1.33)  0.064 

(294) 

(299) 

(297) 

5 

7.7 

9.5 

13.2 

1.16(1.02,1.32)  0.023 

(299) 

(296) 

(295) 

6^ 

7.7 

9.5 

13.2 

1.09(0.95,1.25)  0.227 

(298) 

(296) 

(295) 

h)  MODELS  4,  5,  AND  6:  RANCH  HANDS  - 

ClfllRENT  DIOXIN  -  ADJUSTED 

Analysis  Results  for  Log2  (Currait  Dicodn  +  1) 

:  Aid||.  RdatiTe  Risk  ^ 

Modd^ 

n 

/:;:v:;r"'.C95%C.L)'^'’": 

p-Vahie 

Covariate  Rentarits' ' 

4 

859 

1.05  (0.90,1.22)** 

0.545** 

CURR*ALC  (p =0.037) 
CURR*EDUC  (p =0.040) 

DRKYR  (p =0.015) 

INC  (p=0.026) 

MARITAL  (p =0.009) 

5 

859 

1.08  (0.94,1.23)** 

0.283** 

CURR*ALC  (p =0.045) 

DRKYR  (p =0.021) 

EDUC  (p =0.008) 

INC  (p =0.012) 

MARITAL  (p  =0.012) 

6“ 

858 

1.00  (0.87,1.16)** 

0.996** 

CURR*ALC  (p =0.038) 
CURR*EDUC  (p =0.038) 

DRKYR  (p=0.019) 

INC  (p=0.019) 

MARITAL  (p  =0.015) 

®  Model  4:  Log2  (lipid-adjusted  current  dioxin  +  1). 

Model  5:  Log2  (whole-weight  current  dioxin  +  1). 

Model  6:  Log2  (whole-weight  current  dioxin  H-  1),  adjusted  for  log2  total  lipids. 

^  Relative  risk  for  a  twofold  increase  in  current  dioxin. 

^  Adjusted  for  log2  total  lipids. 

^  Adjusted  for  log2  total  lipids  in  addition  to  covariates  specified  under  "Covariate  Remarks"  column. 

**  Log2  (current  dioxin  4-  l)-by-covariate  interactions  (0.01  <p<0.05);  adjusted  relative  risk,  confidence 
interval,  and  p-value  derived  from  a  model  fitted  after  deletion  of  these  interactions;  refer  to  Appendix 
Table  H-2-11  for  further  analysis  of  these  interactions. 

Note:  Model  4:  Low  =  <  8.1  ppt;  Medium  =  >8.1-20.5  ppt;  High  =  >20.5  ppt. 

Models  5  and  6:  Low  =  <  46  ppq;  Medium  =  >46-128  ppq;  High  =  >128  ppq. 
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current  dioxin  and  education  in  Models  4  and  6.  All  adjusted  results  were  based  on  each 
final  model  after  deletion  of  the  significant  current  dioxin-by-covariate  interactions  present  in 
the  final  models.  Results  stratified  by  current  alcohol  use  and  education  are  presented  in 
Appendix  Table  H-2-11. 

SCL-90^R  Global  Severity  Index 

Marginally  significant  differences  in  the  prevalence  of  high  SCL-90-R  global  severity 
index  T-scores  between  Ranch  Hands  and  Comparisons  in  Model  1  were  found  in  the 
unadjusted  overall  contrast  (Table  12-17(a):  p=0.100,  Est.  RR=1.30).  Of  the  Ranch 
Hands,  9.8  percent  exhibited  a  high  T-score,  whereas  7.7  percent  of  the  Comparisons 
exhibited  high  T-scores.  Adjusted  analysis  produced  significant  results  for  the  contrast 
combining  all  occupations  (Table  12-17(b):  p=0.044,  Adj.  RR=1.38).  Differences  were 
nonsignificant  when  examined  within  each  occupational  strata  for  both  the  unadjusted  and 
adjusted  analyses  (Table  12-17(a,b):  p>0.12  for  each  strata).  Lifetime  alcohol  history, 
education,  current  total  household  income,  and  current  marital  stams  were  significant 
covariates  in  the  final  adjusted  model. 

The  Model  2  results  were  nonsignificant  for  both  the  unadjusted  and  adjusted  analyses 
of  SCL-90-R  global  severity  index  (Table  12-17(c,d):  p>0.12  for  both  analyses).  Lifetime 
alcohol  history,  education,  current  marital  status,  and  the  initial  dioxin-by-current  alcohol  use 
interaction  were  significant  in  the  final  model.  The  adjusted  results  are  based  on  the  final 
model  after  deletion  of  the  initial  dioxin-by-current  alcohol  use  interaction.  Results  stratified 
by  each  current  alcohol  use  category  are  presented  in  Appendix  Table  H-2-12. 

The  high  and  low  plus  high  Ranch  Hand  categories  each  demonstrated  a  greater 
percentage  of  high  global  severity  index  T-scores  than  Comparisons  in  the  Model  3 
unadjusted  analyses  (Table  12-17(e):  p=0.()()6,  Est.  RR=1.82  and  p=0.035,  Est.  RR=1.47 
respectively).  The  high  Ranch  Hand  contrast  was  marginally  significant  in  the  adjusted 
analysis  (Table  12-17(f):  p=0.094,  Adj.  RR=1.47).  Results  for  other  Model  3  contrasts 
were  nonsignificant  (Table  12-17(e,f):  p>0.13  for  each  remaining  contrast).  Occupation, 
lifetime  alcohol  history,  education,  current  total  household  income,  current  employment,  and 
current  marital  status  were  significant  covariates  in  the  final  adjusted  model.  The  high 
Ranch  Hand  versus  Comparison  contrast  became  significant  after  occupation  was  removed 
from  the  final  model  (Appendix  Table  H-3-15(a):  p=0.047,  Adj.  RR=1.57). 

Significant  associations  between  current  dioxin  and  the  SCL-90-R  global  severity  index 
were  revealed  from  the  unadjusted  analysis  of  Models  4  and  5  (Table  12-17(g):  p=0.024, 
Est.  RR=1.19  and  p=0.014,  Est.  RR=1.18  respectively).  Both  analyses  indicated  that  the 
percentage  of  high  global  severity  index  T-scores  increased  as  current  dioxin  levels 
increased.  Adjusted  analyses  of  Models  4  and  5  were  nonsignificant  as  were  both  unadjusted 
and  adjusted  analyses  of  Model  6  (Table  12-17(g,h);  p>0.11  for  all  remaining  analyses). 
Models  4,  5,  and  6  adjusted  for  lifetime  alcohol  use,  education,  current  marital  status,  and 
the  current  dioxin-by-current  alcohol  use  interaction.  Current  total  household  income  was 
significant  in  Model  4  and  the  interaction  between  current  dioxin  and  current  household 
income  was  significant  in  Models  5  and  6.  All  adjusted  results  are  based  on  deletion  of  the 
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Table  12-17. 

Analysis  of  SCL-90-R  Global  Severity  Index 


a)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS 

-UNADJUSTED 

Occiipatiaiiai  CategMy 

Gnrap 

n 

Percent 

High 

Esf .  Rdhtfive 
(95%  CJ.) 

p-Vdtae 

All 

Ranch  Hand 

948 

9.8 

1.30  (0.96,1.74) 

0.100 

Comparison 

1,279 

7.7 

Officer 

Ranch  Hand 

367 

4.6 

1.17  (0.60,2.26) 

0.771 

Comparison 

501 

4.0 

Enlisted  Flyer 

Ranch  Hand 

161 

13.0 

1.54  (0.79,3.00) 

0.267 

Comparison 

203 

8.9 

Enlisted  Groundcrew 

Ranch  Hand 

420 

13.1 

1.27  (0.86,1.87) 

0.268 

Comparison 

575 

10.6 

b>  MODEL  X:  RANCH  HANDS  VS. 

COMPARISONS  -  ADJUSTED 

Adtj.  Relative  Risk 

Covariate  Remarks® 

Occxijpationai  Catq^ry 

(95%  C.L) 

p-Value 

All 

1.38  (1.01,1.88) 

0.044 

DRKYR  (p=0.002) 

EDUC  (p  <0.001) 

Officer 

1.30  (0.66,2.55) 

0.445 

INC  (p <0.001) 

Enlisted  Flyer 

1.73  (0.86,3.48) 

0.124 

MARITAL  (p  =0.020) 

Enlisted  Groundcrew 

1.31  (0.87,1.95) 

0.195 

®  Covariates  and  associated  p-values  correspond  to  final  model  based  on  all  participants  with  available  data. 
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Table  12-17.  (Continued) 

Analysis  of  SCL-90-R  Global  Severity  Index 


c)  MODEL  2:  RANCH  HANDS  —  INIHAL  DIOXIN  —  DNADJDSTED 


Initial  Dioxhi  Cati^ory  Summary  Statistics 

Analysis  Results  for  Logj  (bdtia]  Diosin)^ 

luittal  Dioxin . 

n 

Percent 

High 

Estimated  Relative  Risk 
(95%  CX)** 

p-Value 

Low 

173 

9.3 

1.17  (0.96,1.43) 

0.121 

Medium 

173 

10.4 

High 

171 

14.0 

d)  MODEL  2;  RANCH  HANDS  ~  INITIAL  DIOXIN  - 

-ADJUSTED 

Aoiaiysis  Results  for  Log^  (fiiit^  Dioxin)'^ 

• (95%  C.I.f  r 

.Covaiiaite'Remaiics  ’ 

504  1.16(0.94,1.43)**  0.182**  INIT*ALC  (p =0.004) 

DRKYR  (p <0.001) 
EDUC  (p=0.038) 

_  MARITAL  (p=0.002) 


®  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 

*’  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 

^  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  "Covariate  Remarks"  column. 

**  Log2  (initial  dioxin)-by-covariate  interaction  (p<0.05);  adjusted  relative  risk,  confidence  interval,  and  p- 
value  derived  from  a  model  fitted  after  deletion  of  this  interaction;  refer  to  Appendix  Table  H-2-12  for 
further  analysis  of  this  interaction. 

Note:  Low  =  39-98  ppt;  Medium  =  >98-232  ppt;  High  =  >232  ppt. 
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Table  12-17.  (Continued) 

Analysis  of  SCL-90-R  Global  Severity  Index 


e)  MODEL  5:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  —  DNADJUSi'ED 


IHoxIn  Cat^my 

n 

Percrat 

High 

Est.  Relative  Risk 
(95%  C.I.)®^ 

p-Valoe 

Comparison 

1,061 

7.7 

Background  RH 

373 

7.5 

1.01  (0.64,1.58) 

0.967 

LowRH 

259 

8.9 

1.13  (0.70,1.84) 

0.615 

HighRH 

258 

13.6 

1.82  (1.19,2.78) 

0.006 

Low  plus  High  RH 

517 

11.2 

1.47  (1.03,2.09) 

0.035 

D  MODEL  3: 

RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  -  ADJUSTED 

IHoxin  Cat^OTy 

n 

Adj.  Rdative  Risk 
(95%  CX)®" 

p-Value 

Covariide  Ronarks 

Comparison 

Background  RH 

Low  RH 

1,031 

359 

249 

1.45  (0.90,2.34) 
1.14  (0.68,1.92) 

0.131 

0.615 

OCC  (p=0.118) 

DRKYR  (p=0.004) 

EDUC  (p=0.091) 

INC  (p  =0.010) 

EMPLOY  (p=0.118) 

HighRH 

251 

1.47  (0.94,2.30) 

0.094 

MARITAL  (p =0.003) 

Low  plus. High  RH 

500 

1.32(0.91,1.92) 

0.148 

®  Relative  risk  and  confidence  interval  relative  to  Comparisons. 

Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 

Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  "Covariate  Remarks"  column. 

Note:  RH  =  Ranch  Hand. 

Comparison:  Current  Dioxin  ^  10  ppt. 

Background  (Ranch  Hand):  Current  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  Current  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  143  ppt. 

High  (Ranch  Hand):  Chirrent  Dioxin  >  10  ppt.  Initial  Dioxin  >  143  ppt. 
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Table  12-17.  (Continued) 

Analysis  of  SCL-90-R  Global  Severity  Index 


s)  MODfa^S  4^  5,  AND  <>;  RANCH  HANDS  -  CURRENT  DIOXIN  -  UNADJUSTED 


ModeF 

Low 

Cmrent  Diordn  Ctdc^oiy 
Permit  Higlt/(ii) 

Medium 

BBgli 

Analysis  Results  for  Log^ 

(Coireiit  Dioxin  A  1) 

Est.  Relative  Ridr 

(95%  C.!.)*^  p-Yalue 

4 

7.5 

(294) 

8.4 

(299) 

13.1 

0.91) 

1.19(1.02,1.38) 

0.024 

5 

lA 

(299) 

8.8 

(296) 

12.9 

(295) 

1.18  (1.03,1.35) 

0.014 

lA 

(298) 

8.8 

(296) 

12.9 

(295) 

1.12(0.97,1.29) 

0.118 

h)  MODELS  4,  5,  AND  6;  RANCH  HANDS  -  CURRENT  DIOXEN  —  ADJUSTED 


B  • 

Analysis  Results  for  Log2  (Curroit  Dioxin  -b  1) 

Adj.  Rdative  Risk 

C95%  C.I.)’’  p-Value  Covaiiate  Remarks 

4 

859 

1.08  (0.92,1.26)** 

0.354** 

CURR*ALC  (p=0.012) 

DRKYR  (p=0.001) 

EDUC  (p=0.008) 

INC  (p=0.042) 

MARITAL  (p=0.013) 

5 

859 

1.08  (0.95,1.24)** 

0.242** 

CURR*ALC  (p  =0.026) 

CURR*INC  (p =0.037) 

DRKYR  (p=0.003) 

EDUC  (p=0.019) 

MARITAL  (p  =0.016) 

6^ 

858 

1.02  (0.88,1.18)** 

0.779** 

CURR*ALC  (p  =0.028) 

CURR*INC  (p  =0.044) 

DRKYR  (p =0.003) 

EDUC  (p=0.016) 

MARITAL  (p =0.023) 

®  Model  4:  Log2  (lipid-adjusted  current  dioxin  -I-  1). 

Model  5:  Logj  (whole-weight  current  dioxin  -I-  1). 

Model  6:  Log2  (whole-weight  current  dioxin  +  1),  adjusted  for  log2  total  lipids. 

**  Relative  risk  for  a  twofold  increase  in  current  dioxin. 

Adjusted  for  log2  total  lipids. 

**  Adjusted  for  log2  total  lipids  in  addition  to  covariates  specified  under  "Covariate  Remarks"  column. 

**  Log2  (current  dioxin  4-  l)-by-covariate  interaction  (0.01  <p  <0.05);  adjusted  relative  risk,  confidence 
interval,  and  p-value  derived  from  a  model  fitted  after  deletion  of  this  interaction;  refer  to  Appendix  Table 
H-2-12  for  fij^er  analysis  of  this  interaction. 

Note:  Model  4:  Low  =  <  8.1  ppt;  Medium  =  >8.1-20.5  ppt;  High  =  >20.5  ppt. 

Models  5  and  6:  Low  =  <  46  ppq;  Medium  =  >46-128  ppq;  High  =  >  128  ppq. 
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significant  interactions  from  the  final  models.  Appendix  Table  H-2-12  presents  results 
stratified  by  current  alcohol  use  and  current  total  household  income. 

SCL-90-R  Positive  Symptom  Total 

Model  1  SCL-90-R  positive  symptom  total  results  were  nonsignificant  for  both  the 
unadjusted  and  adjusted  analyses  (Table  12-18(a,b):  p>0.13  for  all  analyses).  Occupation, 
lifetime  alcohol  history,  current  total  household  income,  current  employment,  and  current 
marital  status  displayed  significant  covariate  effects  in  the  final  adjusted  model. 

Results  from  both  the  unadjusted  and  adjusted  analyses  of  the  SCL-90-R  positive 
symptom  total  were  nonsignificant  for  Model  2  (Table  12-18(c,d):  p>0.17  for  both 
analyses)-  Adjusted  results  are  based  on  the  final  model  after  the  deletion  of  the  sigmficant 
inirial  dioxin-by-occupation  and  initial  dioxin-by-current  total  household  income  interactions. 
Other  significant  covariates  iucluded  current  alcohol  use,  lifetime  alcohol  history,  education, 
current  marital  status,  and  current  parental  status.  Results  stratified  by  occupation  and 
current  total  household  income  category  are  presented  in  Appendix  Table  H-2-13. 

Model  3  unadjusted  contrasts  revealed  a  significantly  greater  prevalence  of  high 
SCL-90-R  positive  symptom  total  T-scores  among  high  Ranch  Hands  (14.3%)  than 
Comparisons  (9.4%)  (Table  12-18(e):  p=0.033,  Est.  RR=1.56).  This  contrast  was 
nonsignificant  after  adjustment,  as  were  the  other  Model  3  contrasts  both  before  and  after 
covariate  adjustment  for  occupation,  lifetime  alcohol  history,  current  total  household  income, 
current  employment,  and  current  marital  status  (Table  12-18(e,f):  p>0.11  for  all  remaming 
contrasts).  However,  exclusion  of  occupation  from  the  final  model  revealed  a  margmally 
significant  difference  between  high  Ranch  Hands  and  Comparisons  (Appendix  Table  H-3- 
16(b):  p=0.072,  Adj.  RR=1.47).  However,  education  was  not  included  iu  this  auxiliary 
analysis.  When  education  was  added  to  the  final  model,  the  results  of  the  contrast  between 
high  Ranch  Hands  and  Comparisons  for  the  SCL-90-R  positive  symptom  total  T-scores  were 
nonsignificant  (Appendix  Table  H-3-17(a):  p=0.126). 

Significant  positive  associations  between  current  dioxin  and  SCL-90-R  positive  symptom 
total  were  found  in  the  vmadjusted  analysis  of  Models  4  and  5  (Table  12-18(g):  p=0.027, 
Est.  RR=1.17  and  p=0.013,  Est.  RR=1.17  respectively).  Tests  of  association  from  the 
adjusted  analyses  from  Models  4  and  5  and  both  unadjusted  and  adjusted  analyses  of  Model  6 
were  nonsignificant  (Table  12-18(g,h):  p>0.14  for  all  remaining  analyses).  Each  adjusted 
model  included  lifetime  alcohol  history,  education,  current  total  household  mcome,  and 
current  marital  status.  Model  6  additionally  adjusted  for  current  alcohol  use. 

SCL-90-R  Positive  Symptom  Distress  Index 

All  analyses  conducted  for  SCL-90-R  positive  symptom  distress  index  produced 
nonsignificant  results,  except  for  the  Model  5  unadjusted  analyses  (Table  12-19(a-h): 
p>0.11  for  all  analyses  except  Model  5  unadjusted  analysis).  A  margmally  sigmficant 
positive  association  between  current  dioxin  and  a  high  SCL-90-R  positive  symptom  distress 
index  T-score  resulted  for  the  Model  5  unadjusted  analysis  (Table  12-19(g):  p=0.059,  Est. 
RR=1.15).  Occupation,  current  total  household  income,  and  current  parental  status  were 
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Table  12-18. 

Analysis  of  SCL-90-R  Positive  Symptom  Total 


a)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS  —  UNADJUSTED 


Percent 

Est.  Relative  Risk . 

Ocoipattonal  Cat^iy 

Oroop 

n 

High 

(95%  C.L) 

,p-Vaiue 

All 

Ranch  Hand 

948 

11.0 

1.16  (0.88,1.53) 

0.331 

Comparison 

1,279 

9.6 

Officer 

Ranch  Hand 

367 

5.5 

0.97  (0.54,1.76) 

0.929 

Comparison 

501 

5.6 

Enlisted  Flyer 

Ranch  Hand 

161 

13.7 

1.37  (0.73,2.60) 

0.330 

Comparison 

203 

10.3 

Enlisted  Groundcrew 

Ranch  Hand 

420 

14.8 

1.17  (0.82,1.69) 

0.392 

Comparison 

575 

12.9 

b)  MODEL  1:  RANCH  HANDS  VS,  COMPARISONS  -  ADJUSTED 


Adj.  Relative  Risk 

Occupatiottal  Category 

(95%  C.L) 

p-Value 

Covatiate  Remarks^ 

All 

1.25  (0.93,1.66) 

0.135 

OCC  (p =0.009) 

Officer 

1.06  (0.58,1.93) 

0.850 

DRKYR  (p =0.002) 

INC  (p=0.001) 

Enlisted  Flyer 

Enlisted  Groundcrew 

1.49  (0.76,2.89) 

0.244 

EMPLOY  (p=0.044) 
MARITAL  (p=0.029) 

1.26  (0.86,1.84) 

0.241 

®  Covariates  and  associated  p-values  correspond  to  final  model  based  on  all  participants  with  available 
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Table  12-18.  (Continued) 

Analysis  of  SCL-90-R  Positive  Symptom  Total 


c)  MODEL  2:  RANCH  HANDS  —  INITIAL  DIOXIN  —  UNADJUSTED 

Initfal  lRoxtn-Cat%4H7  Summary  Statistics 

Percent 

biitkd  Dioxin  n  High 

Analysis  Results  for  Log2  (Imtial  Dioadn)® 

Estimated  Rdative  Ritir 

(95%  C.!.)**  p-Value 

Low  173  12.1 

Medium  173  9.8 

High  171  15.2 

1.14(0.94,1.38)  0.177 

I/;  -  HAM)s  ~  iniiial  dioxin  ^  Ai)JPSTm)Vv>H;'.-|  > 

Analysis  Results  for  Logj  (toitM  Dioxin)® 

a  Adj-  Relative  Risk  (95%  C.l.)*’ _ p-Valoe _ Covariate  Remarks 


500  1.03  (0.82,1.30)** 


0.778**  INIT*OCC  (p=0.001) 

INIT*INC  (p =0.004) 
ALC  (p =0.059) 
DRKYR  (p =0.003) 
EDUC  (p =0.044) 
MARITAL  (p =0.015) 
PARENT  (p =0.1 13) 


^  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 


*’  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 

®  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA.  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  imder  "Covariate  Remarks  column. 


**  Log2  (initial  dioxin)-by-covariate  interactions  (p<0.05);  adjusted  relative  risk,  confidence  interval,  and  p- 
value  derived  from  a  model  fitted  after  deletion  of  these  interactions;  refer  to  Appendix  Table  H-2-13  for 
further  analysis  of  these  interactions. 


Note:  Low  =  39-98  ppt;  Medium  =  >98-232  ppt;  High  =  >232  ppt. 
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Table  12-18.  (Continued) 

Analysis  of  SCL-90-R  Positive  Symptom  Total 


o>  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  - 

UNADJUSTED 

Dioxin  Cat^ory 

n 

Percart 

High 

Est.  Relative  Risk 
(95%  CJ.)"^ 

p-Valoe 

Comparison 

1,061 

9.4 

Background  RH 

373 

8.6 

0.95  (0.62,1.44) 

0.791 

LowRH 

259 

10.4 

1.08  (0.69,1.70) 

0.732 

HighRH 

258 

14.3 

1.56  (1.04,2.34) 

0.033 

Low  plus  High  RH 

517 

12.4 

1.31  (0.94,1.84) 

0.110 

f)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  -  ADJUSTED 


Adj.  Rdative  Risk 

Dioxia  Categ<»y  n  (95%  C.I.)*^  p-Value  Corariate  Reonarts 


jurtuAJU 

Comparison 

li 

1,031 

OCC  (p=0.028) 

DRKYR  (p=0.003) 

Background  RH 

359 

1.32  (0.84,2.06) 

0.224 

INC  (p=0.003) 

EMPLOY  (p =0.062) 

Low  RH 

249 

1.13  (0.70,1.82) 

0.614 

MARITAL  (p=0.012) 

HighRH 

251 

1.32  (0.86,2.03) 

0.207 

Low  plus  High  RH 

500 

1.23  (0.87,1.75) 

0.247 

®  Relative  risk  and  confidence  interval  relative  to  Comparisons. 


*’  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 

Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  "Covariate  Remarics"  column. 

Note:  RH  =  Ranch  Hand. 

Comparison:  Current  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  Current  Dioxin  ^  10  ppt. 

Low  (Ranch  Hand):  Current  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin '<  143  ppt. 

High  (Ranch  Hand):  Current  Dioxin  >  10  ppt.  Initial  Dioxin  >  143  ppt. 
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Table  12-18.  (Continued) 

Analysis  of  SCL-90-R  Positive  Symptom  Total 


g)  MODIX,S  4,  5>  AND  6:  RANCH  HANDS  —  CURRENT  DIOXIN  —  TJNARJUSTEP 


< 

Current  DioMn  Category 
Percent  Hi^1i/(n) 

Aioalysas  IResults  for  hogi 
(Cnrrntit  IKoxin  +  1) 

£st.  Rdative  Risk 

Low 

Mediinn 

High 

(95%  C.L)'» 

p-Value 

4 

8.8 

9.4 

14.1 

1.17  (1.02,1.35) 

0.027 

5 

(294) 

8.7 

(299) 

10.1 

(297) 

13.6 

1.17  (1.03,1.33) 

0.013 

6" 

(299) 

8.7 

(296) 

10.1 

(295) 

13.6 

1.10  (0.97,1.27) 

0.149 

(298) 

(296) 

(295) 

h)  MODELS  4,  5,  AND  6;  RANCH  HANDS  — 

CURRENT  DIOXM  —  ADJUSTED 

Analysis  ResnKs  for  Lt^2  (Current  Dioxin  +  1) 

ModeP 

Adj.  Rdative  RM: 
(95%  CX)** 

p-Value 

Covariate  Remarks 

4 

859 

1.05  (0.91,1.22) 

0.494 

DRKYR  (p =0.011) 

EDUC  (p =0.013) 

INC  (p =0.004) 

MARITAL  (p =0.025) 

5 

859 

1.07  (0.94,1.21) 

0.330 

DRKYR  (p =0.012) 

EDUC  (p =0.014) 

INC  (p=0.004) 

MARITAL  (p  =0.025) 

6“ 

858 

1.00  (0.87,1.15) 

0.984 

ALC  (p=0.130) 

DRKYR  (p =0.006) 

EDUC  (p =0.012) 

INC  (p=0.004) 

MARITAL  (p =0.033) 

®  Model  4:  Log2  (lipid-adjusted  current  dioxin  +1). 

Model  5:  Logj  (whole-weight  current  dioxin  H-  1). 

Model  6:  Log2  (whole-weight  current  dioxin  +  1),  adjusted  for  log2  total  lipids. 

Relative  risk  for  a  twofold  increase  in  current  dioxin. 

®  Adjusted  for  log2  total  lipids. 

Adjusted  for  log2  total  lipids  in  addition  to  covariates  specified  under  "Covariate  Remarks"  column. 

Note:  Model  4:  Low  =  <  8.1  ppt;  Medium  =  >8.1-20.5  ppt;  High  =  >20.5  ppt. 

Models  5  and  6:  Low  =  <  46  ppq;  Medium  =  >46-128  ppq;  High  =  >  128  ppq. 
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Table  12-19. 

Analysis  of  SCL-90-R  Positive  Symptom  Distress  Index 


a)  MODEL  1:  RANCH  HANDS  VS. 

COMPARISONS 

^  UNADJUSTED  : 

Occiii{Katiot^  Category 

n'r 

'Percent 

Est.  Rdative  Ride  ^  - 
,(95%C.L) 

p-Value 

All 

lUmch  Hand 

948 

7.8 

1.04  (0.76,1.43) 

0.855 

Comparison 

1,279 

7.5 

Officer 

Ranch  Hand 

367 

4.6 

1.11  (0.58,2.14) 

0.884 

Comparison 

501 

4.2 

Enlisted  Flyer 

Ranch  Hand 

161 

9.9 

0.91  (0.46,1.79) 

0.915 

Comparison 

203 

10.8 

Enlisted  Groundcrew 

Ranch  Hand 

420 

9.8 

1.07  (0.69,1.64) 

0.857 

Comparison 

575 

9.2 

b)  MODEL  1 

:  RANCH  HANDS  VS, 

COMPARISONS  -  ADJUSTED 

Adj.  Relative  Risk 

OcoipationaJ  Category ' ; 

(95%C.L) 

p-Value 

Covariate  Remarks^ . 

All 

1.02  (0.74,1.41) 

0.881 

OCC  (p =0.006) 

INC  (p =0.002) 

Officer 

1.07  (0.55,2.08) 

0.847 

PARENT  (p=0.016) 

Enlisted  Flyer 

0.90  (0.45,1.80) 

0.775 

Enlisted  Groundcrew 

1.06  (0.69,1.63) 

0.797 

®  Covariates  and  associated  p-values  correspond  to  final  model  based  on  all  participants  with  available  data. 
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Table  12-19.  (Continued) 

Analysis  of  SCL-90-R  Positive  Symptom  Distress  Index 


c)  MODEL  2:  RANCH  HANDS  -  INITEAL  DIOXIN  -  DNADJUSTia) 


Initial  IRoxhi  Category  Smnmary  Statistics 

Analysis  Results  for  Lo^  (biitial  Diosdn)^ 

Biitial  Dioxin 

n 

Percent 

Ifigh 

Estimated  Relative  Ri^ 

(95%  C.L)'* 

p-Value 

Low 

173 

7.5 

1.14(0.91,1.43) 

0.248 

Medium 

173 

9.3 

High 

171 

9.4 

d)  MODEL  2;  RANCH  HANDS  ~  INIHAL  DIOXB^  - 

-ADJUSTED 

n 

Analysis  Results  for  Logj  (bdtial  Dioxin)® 
Adj.  Relative  Risk  (95%  C.I.)’’  p-Valne 

Covariate  Remaiiks 

517 

1.18  (0.94,1.48)  0.169 

EMPLOY  (p  =0.1 15) 

MARITAL  (p  =0.062) 

®  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 

**  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 

Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  "Covariate  Remarks"  column. 

Note:  Low  =  39-98  ppt;  Medium  =  >98-232  ppt;  High  =  >232  ppt. 
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Table  12-19.  (Continued) 

Analysis  of  SCL-90-R  Positive  Symptom  Distress  Index 


;  e)  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGCfllY  —  UNADJUSHTED 


IMoxib  Cat^oiy 

n 

Perc^  . 
High 

Est.  Relative  Risk 
(95%  C.!.)** 

Comparison 

1,061 

7.2 

Background  RH 

373 

6.2 

0.91  (0.56,1.47) 

0.691 

LowRH 

259 

7.7 

1.06  (0.63,1.77) 

0.836 

HighRH 

258 

9.7 

1.32  (0.82,2.13) 

0.249 

Low  plus  High  RH 

517 

8.7 

1.19(0.81,1.75) 

0.380 

f)  MODia.  3: 

RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  —  ADJUSTED 

Adj,  Rdative  Risk 

Dioxin  Cat^iy 

n 

(95%  CJ.)* 

p-Vaiue 

Covariate  Rmarks 

Comparison 

1,046 

OCC  (p =0.007) 

INC  (p =0.030) 

Backgroimd  RH 

366 

1.07  (0.64,1.78) 

0.793 

PARENT  (p =0.004) 

LowRH 

255 

1.07  (0.63,1.80) 

0.808 

HighRH 

258 

1.04  (0.64,1.70) 

0.865 

Low  plus  High  RH 

513 

1.05  (0.71,1.56) 

0.793 

^  Relative  risk  and  confidence  interval  relative  to  Comparisons. 

Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  ^e  of  the  blood  draw  for  dioxin. 

'  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  ”Covariate  Remarks"  column. 

Note:  RH  =  Ranch  Hand. 

Comparison:  Current  Dioxin  ^  10  ppt. 

Background  (Ranch  Hand):  Current  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  Current  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  143  ppt. 

High  (Ranch  Hand):  Current  Dioxin  >  10  ppt,  Initial  Dioxin  >  143  ppt. 
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Table  12-19.  (Continued) 

Analysis  of  SCL-90-R  Positive  Symptom  Distress  Index 


g)  MODELS  4,  5,  AND  6:  RANCH  HANDS  -  CURRENT  DIOXIN  -  HNADHISTED 

Current  Dio^dn  Category 

Anidyas  Results  for  L<^2 

-  . 

Percent  H^ih/(n) 

(Cuirait  IMoxin  +  1) 

Est.  Relative  Risk 

Model^ 

Low 

Medium 

High 

(95%  C  J.)'*  p-V^ue 

4 

6.1 

7.7 

9.1 

1.14  (0.97,1.35)  0.118 

(294) 

(299) 

(297) 

5 

5.7 

lA 

9.8 

1.15  (0.99,1.33)  0.059 

(299) 

(296) 

(295) 

6*= 

5.7 

7.4 

9.8 

1.08(0.92,1.26)  0.359 

(298) 

(296) 

(295) 

h)  MODELS  4,  5,  AND  6:  RANCH  HANDS- 

CURRENT  DIOXIN  —  ADJUSTED 

Analysis  Results  for  Lofe  (Current  Dioxin  +  1) 

Adj.  Relative  Risk 

Mode^ 

n 

(95%  C.L)'’ 

p-Value 

Covartote  Remaiits 

4 

859 

1.10(0.92,1.30) 

0.302 

DRKYR  (p  =0.103) 

INC  (p =0.019) 

5 

859 

1.11  (0.95,1.29) 

0.172 

DRKYR  (p  =0.105) 

INC  (p =0.022) 

6^ 

858 

1.03  (0.88,1.22) 

0.683 

DRKYR  (p =0.125) 

INC  (p=0.016) 

®  Model  4:  Logj  (lipid-adjusted  cxirrent  dioxin  -I-  1). 

Model  5:  Logj  (whole-weight  current  dioxin  +1). 

Model  6:  Loga  (whole-weight  current  dioxin  -I-  1),  adjusted  for  log2  total  lipids. 


Relative  risk  for  a  twofold  increase  in  current  dioxin. 

'  Adjusted  for  log2  total  lipids. 

^  Adjusted  for  logj  total  lipids  in  addition  to  covariates  specified  under  "Covariate  Remarks"  column. 

Note;  Model  4:  Low  =  <  8.1  ppt;  Medium  =  >8.1-20.5  ppt;  High  =  >20.5  ppt. 

Models  5  and  6;  Low  =  <  46  ppq;  Medium  =  >46-128  ppq;  High  =  >  128  ppq. 
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significant  covariates  for  Models  1  and  3.  Model  2  adjusted  for  current  employment  and 
current  marital  status.  Lifetime  alcohol  history  and  current  total  household  income  were 
each  included  in  Models  4,  5,  and  6. 

DISCUSSION 

Prior  to  the  AFHS  1982  Baseline  study,  little  scientifically  validated  information  existed 
regarding  the  relationship  between  dioxin  exposure  and  disturbances  of  cognition  and  emotion 
in  man.  The  Baseline  and  1985  followup  studies  attempted  to  explore  these  possible 
relationships  using  well-established  questionnaires,  personality  inventories,  and 
neuropsychological  assessment  techniques.  These  instruments  included  the  CMI,  the  MMPI, 
and  the  HRB. 

Analysis  of  extensive  data  generated  by  the  CMI,  MMPI  and  the  HRB  revealed  very 
few  statistically  significant  differences  between  those  Air  Force  veterans  who  sustained 
dioxin  exposure  (Ranch  Hands)  and  their  unexposed  Comparison  group.  More  specifically, 
the  two  groups  did  not  differ  significantly  on  tests  of  cognitive  (cerebral)  function.  The 
Ranch  Hand  group  reported  a  moderately  greater  number  of  diffuse  medical  (somatic) 
complaints  on  the  CMI.  They  also  registered  moderately  higher  (but  not  statistically 
significant)  scores  on  those  MMPI  scales  that  are  influenced  most  heavily  by  physical 
complaints  such  as  generalized  feelings  of  malaise,  energy  loss,  and  mental  and  physical 
slowing.  The  herbicide-exposed  enlisted  groundcrew  cohort,  which  reported  the  highest 
levels  of  exposure,  had  significantly  higher  scores  than  other  Ranch  Hand  group  members 
only  on  the  MMPI  depression  scale. 

Factors  contributing  to  the  modest  differences  between  groups  were  not  clearly  indicated 
by  estimated  dioxin  exposure  data.  It  was  suspected  that  observed  differences  in 
psychological  dependent  variables  might  be  related  to  some  combination  of  negative 
expectations,  anxiety,  and  increased  somatic  sensitivity  on  the  part  of  exposed  personnel.  As 
the  1985  followup  concluded,  the  possibility  existed  t^t  subjectively  experienced  and 
reported  exposure  levels  and  symptoms  were  more  accurate  than  exposure  data  at  that  time. 
Subsequently,  this  exposure  data  was  found  to  correlate  poorly  with  objectively  determined 
TCDD  levels. 

A  limited  number  of  previous  dioxin  exposure  studies  reported  findings  similar  to  those 
described  above.  Investigations  of  both  military  and  civilian  groups  failed  to  reveal  evidence 
for  organic  brain  dysfunction.  However,  at  least  one  civilian  study  reported  significantly 
elevated  levels  of  tension-anxiety  and  anger-hostility.  Psychological  tests  employed  by  some 
of  these  previous  studies  were  relatively  limited.  However,  the  existence  of  independent  data 
that  potentially  corroborated  the  previous  AFHS  findings  indicated  the  importance  of 
continuing  appropriate  psychological  assessment  for  the  1987  followup.  As  the  1985 
followup  study  concluded,  participant  complaints  regarding  the  lengthy  and  repetitious 
psychometric  evaluation  were  noted.  Concern  regarding  potential  loss  of  subjects  for  the 
1987  followup  prompted  specific  changes  in  the  psychometric  component  of  the  study. 
Previously  unrevealing  and  lengthy  tests  of  cognition  (i.e.,  HRB)  were  suspended.  The  issue 
of  test-retest  boredom  was  addressed  by  selecting  two  new  psychometric  instruments  that 
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would  provide  ongoing  assessment  of  important  psychological  variables  while  requiring  much 
less  time  than  the  MMPI. 

The  new  psychological  instruments  included  the  SCL-90-R.  This  90-item  checklist  of 
physical  and  mental  symptoms  provided  a  reasonable  measure  of  health-related  concerns  and 
associated  anxiety,  depression,  and  general  emotional  discomfort.  The  second  test  selected 
was  the  MCMI.  This  test  provided  back-up  measures  of  depression,  anxiety,  and 
somatization  while  also  screening  for  personality  disorders  and  major  psychiatric  syndromes 
including  psychosis.  Both  the  SCL-90-R  and  the  MCMI  were  previously  employed  in 
clinical  and  research  settings  requiring  economical  assessment  of  psychiatric  disorders, 
physical  disability  status,  and  response  to  specific  therapy.  Furthermore,  factor  analysis  and 
correlational  studies  indicated  that  specific  scales  and  factors  included  in  the  two  new  tests 
correlated  reasonably  well  with  comparable  elements  in  the  MMPI.  Therefore,  acceptable 
continuity  of  psychological  dependent  variables  was  assured. 

The  addition  of  data  concerning  sleep  disorders  and  the  20  scales  and  3  indices 
comprising  the  SCL-90-R  and  the  MCMI  produced  a  substantial  increase  in  the  number  of 
psychological  dependent  variables  requiring  analysis  for  the  1987  followup.  Similarly,  the 
number  of  dependent  variable-covariate  associations  requiring  examination  increased,  as  did 
the  probability  of  a  proliferation  of  statistically  significant  interactions. 

Examination  of  these  psychological  dependent  variable-covanate  associations  indicated  a 
host  of  statistically  significant  relationships.  For  example,  previously  well-known 
relationships  between  advancing  age  and  disturbed  sleep  were  noted,  as  was  the  well-known 
phenomena  of  sleep  disturbance  following  excessive  consumption  of  alcohol.  A  strong 
relationship  between  the  presence  of  PTSD  and  a  disturbance  of  numerous  sleep  and 
psychological  variables  also  was  observed.  While  the  number  of  participants  with  PTSD  was 
small  (approximately  1  %  of  each  group),  the  effects  of  this  condition  were  striking  and  made 
this  an  important  finding.  Given  logistical  difficulties  inherent  to  the  study,  it  was 
determined  that  a  more  efficient  assessment  of  PTSD  could  be  accomplished  using  a  recently 
developed  subscale  of  the  MMPI.  While  this  scale  tends  to  be  less  precise  than  the 
structured  psychiatric  interview,  it  was  significantly  associated  with  expected  psychological 
endpoints  in  the  covariate  adjusted  analyses,  and  it  appears  to  be  a  useful  technique  in  the 
assessment  of  PTSD  in  population-based  studies. 

Further  inspection  of  the  1987  data  revealed  the  persistence  of  several  psychological 
results  described  as  noteworthy  in  the  Baseline  and  1985  followup  studies.  On  the  SCL-90- 
R,  Ranch  Hands  demonstrated  a  statistically  greater  level  of  depression  than  Comparisons 
and  also  manifested  more  physical  complaints  (somatization)  and  health-related  anxiety. 

Ranch  Hands  also  recorded  higher  scores  on  those  MCMI  scales  thought  to  reflect  antisocial 
and  passive-aggressive  traits  and  psychotic  delusional  tendencies.  However,  careful  analysis 
of  the  MCMI  differences  determined  that  these  maladaptive  traits  and  symptoms  were  more 
probably  related  to  the  emergence  of  psychometric  artifacts  than  the  appearance  of  some  new 
symptoms  complex  that  had  not  been  observed  in  the  previous  studies. 

The  continuing  manifestations  of  depression  and  health-related  complaints  and  anxiety 
by  members  of  the  Ranch  Hand  cohort  were  not  surprising.  A  similar  persistence  of 
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entrenched  self-reported  symptoms  had  been  demonstrated  by  other  populations  receiving 
exposure  to  known  or  suspected  toxins.  Enlisted  groundcrew  members  who  reported  high 
levels  of  herbicide  exposure  were  thought  to  be  particularly  vulnerable  to  repeated  public 
suggestions  that  negative  psychological  and  physical  consequences  could  be  suffered 
secondary  to  their  ejq)osure.  Ranch  Hands  with  psychological  make-ups  predisposing  them 
to  higher  revels  of  anxiety,  psychophysiological  disturbances  and  related  somatic  concerns 
would  predictably  demonstrate  a  self-perpemating  pattern  of  either  static  or  escalating 
physical  and  psychological  symptoms.  The  probability  of  such  a  reaction  was  based  in  part 
on  previous  studies  of  chronic  physical  illness.  These  smdies  revealed  that  a  significant 
percentage  (5%  to  10%)  of  any  medical  population  is  likely  to  possess  a  psychological  make¬ 
up  that  predisposes  them  to  the  development  of  psychophysiological  disturbances  and 
symptom-reactive  anxiety  that  tend  to  develop  in  an  escalating  manner.  These  same 
individuals  often  tend  to  perceive  themselves  as  unsuccessfully  treated  and  potentially 
disabled  persons.  Therefore,  they  may  harbor  significant  feelings  of  resentment  and  hostility 
that  contribute  to  significantly  higher  scores  on  scales  reflecting  antisocial  and  passive- 
aggressive  personality  traits.  On  the  other  hand,  moderately  elevated  scores  on  such  scales 
and  related  tendencies  toward  higher  level  alcohol  consumption  could  be  associated  with  the 
presence  of  “swashbuckling”  personality  traits  that  might  be  perceived  as  adaptive  when 
viewed  in  relation  to  the  volunteer  and  perilous  nature  of  the  Ranch  Hands’  mission  in  SEA. 

As  the  1987  examination  data  was  reported  in  1990,  it  was  recognized  that  factors  other 
than  dioxin  exposure  may  have  contributed  to  Ranch  Hand  dependent  variable  outliers. 
However,  previous  studies  in  clinical  medicine  suggested  that  caution  was  indicated.  Studies 
of  medical  patients  originally  diagnosed  as  suffering  from  hysteria,  hypochondriasis  or  other 
“functional  disorders”  later  revealed  that  these  patients  were  in  fact  suffering  from 
neurological  disease,  endocrine  dysfunction  or  other  medical  disorders  approximately  60 
percent  of  the  time.  Objective  monitoring  of  the  study  participant’s  healfli  status  over  the 
ensuing  years  was  therefore  clearly  indicated. 

Between  1990  and  1992,  objectively  determined  dioxin  body  burden  levels  became 
available,  which  allowed  extrapolation  of  initial  levels  of  exposure  as  well  as  documentation 
of  current  levels.  When  dependent  variables  were  re-examined  in  relation  to  extrapolated 
initial  dioxin  levels,  a  number  of  statistically  significant  results  emerged  for  the  verified 
questionnaire,  sleep  disorder,  and  SCL-90-R  variables.  However,  when  adjusted  for 
effective  covariate  factors  (i.e. ,  age,  education,  alcohol  use,  and  race),  none  of  these  results 
remained  significant.  On  the  other  hand,  9  of  the  20  MCMI  scales  remained  statistically 
significant.  Careful  analyses  of  the  MCMI  findings  revealed  the  absence  of  predicted 
correlation  between  the  MCMI  results  and  other  dependent  variable  data  including  verified 
questionnaire  and  SCL-90-R  results.  Furthermore,  exploration  of  MCMI  test  construction 
intricacies  also  suggested  the  probability  of  a  spurious  statistical  relationship  between  MCMI 
scale  results  and  initial  dioxin  analyses. 

Examination  of  current  dioxin  and  time  since  tour  analyses  for  the  verified  questionnaire 
and  sleep  disorder  variables  generally  were  found  to  be  nonsignificant.  Comparable  analysis 
of  the  SCL-90-R  variables  revealed  two  statistically  significant  results  including  a  positive 
relationship  between  anxiety  scale  elevation  and  current  dioxin  levels  for  Ranch  Hands  with 
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greater  than  18.6  years  of  service.  However,  additional  inspection  of  verified  questionnaire 
data  failed  to  reveal  corroborating  evidence. 

When  adjusted  analyses  of  the  MCMI  variables  were  examined  in  relation  to  the  high 
current  dioxin  category,  only  two  statistically  significant  results  emerged  (i.e.,  schizoid  and 
schizo-typal  scales).  Previously  discussed  factors  relating  to  test  structure  and  absence  of 
any  corroborating  verified  questionnaire  data  combined  to  reduce  the  likelihood  that  these 
results  were  associated  with  a  dose-response  effect.  By  the  time  the  objectively  determined 
dioxin  analyses  could  be  completed,  the  1992  followup  study  psychological  instruments  were 
essentially  in  place.  Dependent  variable  measures  remained  unchanged  and  included  the  five 
verified  questionnaire  categories,  the  sleep  disorder  questionnaire,  the  SCL-90-R,  the  MCMI. 
As  reported  above,  covariate  factors  were  expanded  by  the  inclusion  of  five  new  factors 
including  combat  service.  Statistical  models  also  were  modified  as  indicated  above  in  order 
to  allow  a  more  sophisticated  within  group  analysis  of  both  initial  and  current  TCDD  levels 
in  the  Ranch  Hand  group. 

As  analysis  of  the  1992  followup  data  proceeded,  the  addition  of  new  covariates  resulted 
in  an  expanded  number  of  previously  unexplored  and  potentially  significant  relationships. 

The  SCL-90-R  was  retained  for  statistical  analysis  because  of  its  effectiveness  as  a  co¬ 
measure  of  variables  included  in  the  verified  questionnaire.  Given  its  historical  relationship 
to  the  MCMI,  the  SCL-90-R  also  was  retained  to  maintain  psychometric  continuity  across  the 
four  phases  of  the  AFHS  completed  to  date. 

As  revealed  in  the  summary  tables  of  the  1992  followup  study,  the  Model  1  analysis 
contrasted  Ranch  Hands  and  Comparisons  across  all  occupations  and  within  each  occupation. 
With  the  exception  of  the  other  neuroses  variable,  all  significant  differences  were  found  by 
combining  and  contrasting  all  Ranch  Hand  and  Comparison  occupations  in  both  the 
unadjusted  and  adjusted  analyses.  On  the  unadjusted  analysis  statistically  significant  results 
were  observed  on  the  SCL-90-R  hostility,  paranoid  ideation,  and  somatization  scales  with 
tendencies  toward  significance  demonstrated  on  the  anxiety,  obsessive-compulsive  behavior, 
and  global  severity  index  scales.  Adjusted  Model  1  data  revealed  margmally  sigmficant 
elevations  for  enlisted  groundcrew  or  enlisted  flyers  on  the  anxiety,  hostility,  paranoid 
ideation,  and  somatization  SCL-90-R  scales  as  well  as  a  continued  significant  elevation  on  the 
other  neuroses  variable.  When  all  occupation  categories  were  combined,  the  number  of 
statistically  significant  scale  elevations  increased.  Sigmficant  results  were  obtained  on  the 
other  neuroses  indicator  as  well  as  the  anxiety,  obsessive-compulsive  behavior,  paranoid 
ideation,  somatization,  and  global  severity  index  subscales  of  the  SCL-90-R. 

The  persistence  of  elevated  indicators  of  psychological  distress  for  the  adjusted  Model  1 
data  is  probably  best  understood  when  viewed  in  relation  to  dependent  variable  data  obtained 
fi-om  Models  3,  4,  5,  and  6.  Like  Model  1,  Model  3  contrasted  Ranch  Hand  versus 
Comparison  dependent  variable  data  calculated  in  relation  to  categorized  dioxin  levels. 

Ranch  Hands  demonstrating  high  levels  of  dioxin  obtained  SCL-90-R  scaled  scores  that  were 
statistically  higher  than  those  obtained  by  Comparisons  on  a  consistent  basis.  Essentially,  all 
but  two  of  the  SCL-90-R  scales  reached  the  level  of  statistical  significance  (see  Table  12-22). 
In  addition,  significant  scores  were  obtained  on  the  anxiety  and  other  neuroses  scales 
obtained  from  the  verified  questionnaire  data.  Adjusted  analyses  revealed  a  dramatic  change 
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as  only  the  anxiety  scale  of  the  SCL-90-R  remained  statistically  significant  and  three 
additional  scales  remained  marginally  significant. 

The  above  results  highlight  the  important  impact  of  covariate  factors  such  as  occupation 
and  lifetime  alcohol  history  upon  dependent  variable  outcomes.  For  example,  examination  of 
SCL-90-R  anxiety  scale  results  across  models  reveals  statistically  significant  unadjusted 
and/or  adjusted  scale  elevations  on  essentially  all  models.  Inspection  of  dependent  variable- 
covariate  associations  for  psychological  assessment  appearing  in  Appendix  Table  H-1-1 
demonstrate  the  extent  to  wMch  these  anxiety  scale  elevations  were  influenced  by 
occupational  stams.  An  average  of  9.1  percent  of  enlisted  groundcrew  and  enlisted  flyers 
obtained  signiticwt  scores  on  this  scale,  while  only  2.9  percent  of  the  officers  obtained 
comparable  results.  This  is  not  to  say  that  all  dependent  variable-covariate  associations  were 
significant.  For  example,  combat  service  was  not  significantly  associated  with  any  dependent 
variable  outcome. 

The  current  dioxin  level  analyses  for  Ranch  Hands  offer  a  unique  opportunity  to  clearly 
assess  dose-response  relationships  essentially  in  the  absence  of  potentially  confounding 
covariate  factors.  The  unadjusted  psychological  data  for  Models  4,  5,  and  6  again  revealed 
statistically  significant  outcomes  on  six  of  the  SCL-90-R  scales  and  the  other  neuroses  and 
anxiety  verified  questionnaire  scales.  These  results  are  highly  similar  to  those  obtained  on 
the  Model  3  analysis  where  symptoms  of  anxiety,  tension,  hostility,  somatization  and 
generalized  psychological  distress  were  endorsed  with  significant  frequency.  Marginally 
significant  elevations  also  were  found  on  the  somatization,  phobic  anxiety,  and  positive 
symptom  distress  index  of  Models  4  and  5.  The  Model  6  analyses  found  generally  fewer 
significant  results.  Adjusted  analyses  of  Models  4,  5,  and  6  were  nonsignificant  with  one 
minor  exception.  The  essential  absence  of  statistically  significant  adjusted  test  results 
observed  in  Models  4,  5,  and  6  suggest  that  the  statistically  significant  adjusted  test  results 
observed  in  Models  1  and  3  can  be  explained  on  the  basis  of  factors  other  than  a  causal 
relationship  with  TCDD  body  burdens.  Notably,  the  residual  presence  of  statistically 
significant  Ranch  Hand  psychological  test  scores  is  reminiscent  of  the  results  obtained  on  the 
1982  and  followup  1985  and  1987  studies. 

As  reported  in  the  previous  studies,  a  significant  portion  of  the  enlisted  men  continued 
to  endorse  test  items  reflecting  higher  levels  of  anxiety  and  somatic  complaints  with 
persistent  health-related  apprehension.  Concern  about  their  current  symptoms  and  future  life 
has  probably  been  heightened  by  self-estimated  or  substantiated  exposure  to  dioxin.  Some  of 
these  Ranch  Hands  have  evidently  developed  both  conscious  or  unconscious  forms  of 
anticipatory  anxiety  with  a  related  tendency  to  associate  almost  any  psychological  or  physical 
symptom  they  might  experience  with  their  self-perceived  dioxin  exposure.  While  some  of 
their  fears  regarding  negative  future  outcomes  may  have  abated  over  the  years,  residual 
apprehension,  and  perhaps  resentment  and  hostility,  remain.  Conscious  and  unconscious 
feelings  of  this  type  tend  to  be  maximal  while  tmdergoing  followup  medical  and 
psychological  evaluation.  Anxiety  and  related  psychophysiological  disturbances  probably 
also  have  been  heightened  by  sometimes  negative  and  sensationalized  media  reports 
concerning  possible  outcomes  associated  with  dioxin  exposure.  As  noted  in  the  introduction 
of  this  chapter,  a  previously  completed  Veteran’s  Administration  study  (22)  found  that  those 
veterans  reporting  “high  level”  exposure  to  Agent  Orange  are  most  likely  to  demonstrate 
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poor  morale,  anxiety,  organic  symptoms,  hostility  or  fear  of  possible  injury  or  losing  control. 
Notably,  those  veterans  reporting  Mgh  levels  of  exposure  and  related  levels  of  psychological 
distress  failed  to  differ  from  low  exposure  veterans  on  objective  measures  of  psychological 
status  or  cognitive  function.  Sunilarly,  those  Ranch  Hands  who  obtained  statistically 
significant  symptom  scale  elevations  on  the  adjusted  results,  failed  to  demonstrate  clear-cut 
evidence  of  verified  psychological  disorders. 

In  conclusion,  these  data  further  suggest  that  factors  other  than  dioxin  exposure  continue 
to  contribute  to  a  relatively  small  but  notable  number  of  Ranch  Hand  test  score 
abnormalities.  However,  previous  studies  in  clinical  medicine  continue  to  indicate  the  need 
for  caution  when  interpreting  the  outcome  of  large  group  statistical  studies.  While  such 
undertakings  increase  the  probability  of  obtaming  reliable  and  valid  results,  the  possibility 
that  a  small  subset  of  physically  or  psychologically  vulnerable  Ranch  Hands  may  have 
suffered  psychological  injury  in  the  context  of  their  exposure  to  dioxin  cannot  be 
unequivocally  ruled  out  at  this  time. 

SUMMARY 

Verified  psychological  conditions  and  the  SCL-90-R  inventory  of  nine  primary  symptom 
dimensions  and  three  global  indices  of  distress  were  examined  in  the  psychological 
assessment.  Each  endpoint  was  tested  for  any  relationship  with  group  (Model  1),  initial 
dioxin  (Model  2),  categorized  dioxin  (Model  3),  current  lipid-adjusted  dioxin  (Model  4), 
ciurent  whole- weight  dioxin  (Model  5),  and  current  whole- weight  dioxin  adjusted  for  total 
lipids  (Model  6).  Results  are  summarized  and  presented  in  Tables  12-20  through  12-23.  A 
summary  of  group-by-covariate  and  dioxin-by-covariate  interactions  is  found  in  Table  12-24. 

Model  1:  Group  Analysis 

The  Model  1  analysis  contrasted  Ranch  Hands  and  Comparisons  across  all  occupations 
and  within  each  occupation.  With  the  exception  of  the  other  neuroses  variable,  all  significant 
differences  found  were  from  the  contrasts  combining  all  occupations  in  both  the  unadjusted 
and  adjusted  analyses.  The  other  neuroses  variable  displayed  sigmficant  differences  for  both 
enlisted  groimdcrew  contrasts  as  well  as  the  adjusted  contrast  for  all  participants.  Also,  all 
significant  results  revealed  more  Ranch  Hands  than  Comparisons  either  had  a  higher 
percentage  of  histories  of  other  neuroses  or  a  ^eater  prevalence  of  high  SCL-90-R  T-scores. 
Variables  revealing  significant  or  marginally  significant  differences  were  other  neuroses, 
SCL-90-R  anxiety,  SCL-90-R  hostility,  SCL-90-R  obsessive-compulsive  behavior,  SCL-90-R 
paranoid  ideation,  SCL-90-R  somatization,  and  SCL-90-R  global  severity  index.  Unadjusted 
significant  or  marginally  significant  results  were  either  from  the  contrasts  combining  all 
occupations  or  the  enlisted  groundcrew  contrasts.  The  enlisted  flyer  contrasts  of  the  adjusted 
analysis  also  revealed  marginally  significant  differences. 

Model!:  Initial  Dioxin  Analysis 

Significant  results  in  the  unadjusted  tests  of  association  between  the  psychological 
endpoints  and  initial  dioxin  tests  occurred  only  for  the  SCL-90-R  phobic  a^iety  symptom 
dimension.  The  results  indicate  a  positive  association  between  initial  dioxin  and  high  SCL- 
90-R  phobic  anxiety  T-scores.  The  adjusted  analysis  of  SCL-90-R  phobic  anxiety  was 
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Table  12-20. 

Summary  of  Group  Analyses  (Model  1)  for  Psychology  Variables 
(Ranch  Hands  vs.  Comparisons) 


IJNADJDSTED 

Variable  . 

An 

Officer 

Etdisted  Slyer 

f^ilisted 

Grtnmdaw 

Verified  Medical  Records 

Psychoses 

ns 

ns 

NS 

ns 

Alcohol  Dq>endence 

NS 

ns 

NS 

NS 

Drug  Dependence 

ns 

- 

“ 

ns 

Anxiety 

NS 

NS 

NS 

NS 

Other  Neuroses 

NS 

ns 

NS 

-1-0.040 

Psychological  Examination 

SCL-90-R  Anxiety 

NS* 

NS 

NS 

NS 

SCL-90-R  Depression 

NS 

NS 

NS 

NS 

SCL-90-R  Hostility 

-1-0.044 

ns 

NS 

NS* 

SCL-90-R  Interpersonal  Sensitivity 

NS 

ns 

NS 

NS 

SCL-90-R  Obsessive-Compulsive  Behavior 

NS* 

NS 

NS 

NS 

SCL-90-R  Paranoid  Ideation 

-1-0.022 

NS 

NS 

NS* 

SCL-90-R  Phobic  Anxiety 

NS 

ns 

NS 

NS 

SCL-90-R  Psychoticism 

NS 

NS 

NS 

NS 

SCL-90-R  Somatization 

■fO.048 

NS 

NS 

NS 

SCL-90-R  Global  Severity  Index 

NS* 

NS 

NS 

NS 

SCL-90-R  Positive  Symptom  Total 

NS 

ns 

NS 

NS 

SCL-90-R  Positive  Symptom  Distress  Index 

NS 

NS 

ns 

NS 

+:  Relative  lisk  >  1.00. 

Analysis  not  performed  due  to  sparse  number  of  abnormalities. 

NS  or  ns;  Not  significant  (p>0.10). 

NS*:  Marginally  significant  (0.05  <p<0.10). 

Note:  P-value  given  if  p  <0.05. 

A  capital  “NS”  denotes  a  relative  risk  1.00  or  greater;  a  lower  case  “ns”  denotes  relative  risk  less  than 

1.00. 
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Table  12-20.  (Continued) 

Sununary  of  Group  Analyses  (Model  1)  for  Psychology  Variables 
(Ranch  Hands  vs.  Comparisons) 


ADJUSTED 


Variable 

All 

Officer 

Enlisted  JFIyer 

Enlutfed 

Groundcrew 

Verified  Medical  Records 

Psychoses 

NS 

NS 

NS 

ns 

Alcohol  Dependence 

**(NS) 

**(ns) 

**(NS) 

**(NS) 

Drug  Dependence 

ns 

~ 

ns 

Anxiety 

NS 

NS 

NS 

NS 

Other  Neuroses 

**(+0.034) 

**(NS) 

**(NS) 

**(+0.017) 

Psychological  Examination 

SCL-90-R  Anxiety 

+0.039 

NS 

NS* 

NS 

SCL-90-R  Depression 

NS 

NS 

NS 

NS 

SCL-90-R  Hostility 

**(NS*) 

**(ns) 

**(NS*) 

**(NS) 

SCL-90-R  Interpersonal  Sensitivity 

NS 

NS 

NS 

NS 

SCL-90~R  Obsessive-Compulsive  Behavior 

+0.047 

NS 

NS 

NS 

SCL-90-R  Paranoid  Ideation 

**(+0.010) 

**(NS) 

**(NS*) 

**(NS*) 

SCL-90-R  Phobic  Anxiety 

NS 

ns 

NS 

NS 

SCL-90-R  Psychoticism 

NS 

NS 

NS 

NS 

SCL-90-R  Somatization 

+0.018 

NS 

NS 

NS* 

SCL-90-R  Global  Severity  Index 

+0.044 

NS 

NS 

NS 

SCL-90-R  Positive  Symptom  Total 

NS 

NS 

NS 

NS 

SCL-90-R  Positive  Symptom  Distress  Index 

NS 

NS 

ns 

NS 

+ :  Relative  risk  >  1 .00. 

Analysis  not  performed  due  to  sparse  number  of  abnormalities. 

NS  or  ns:  Not  significant  (p>0.10). 

NS*:  Marginally  significant  (0.05<p<0.10). 

**(NS)  or  **(ns):  Group-by-covariate  interaction  (p^O.05);  not  significant  virhen  interaction  is  deleted;  refer  to 
Appendix  H-2  for  further  analysis  of  this  interaction. 

**(NS*):  Group-by-covariate  interaction  (p<0.05);  marginally  significant  when  interaction  is  deleted;  refer  to 
Appendix  H-2  for  further  analysis  of  this  interaction. 

**(...):  Group-by-covariate  interaction  (p^O.05);  significant  when  interaction  is  deleted  and  p-value  is  given  in 
parentheses;  refer  to  Appendix  H-2  for  further  analysis  of  this  interaction. 


Note.  A  capital  NS  denotes  a  relative  risk  1.00  or  greater;  a  lower  case  “ns”  denotes  relative  risk  less  than 
1.00. 
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Table  12-21. 

Summary  of  Initial  Dioxin  Analyses  (Model  2)  for  P^chology  Variables 

(Ranch  Hands  Only) 


Variable 

Unadjusted 

A^usted 

Verifled  Medical  Records 

Psychoses 

ns 

ns 

Alcohol  Dependence 

NS 

NS 

Drug  Dependence 

— 

— 

Anxiety 

NS 

**(ns) 

Other  Neuroses 

NS 

NS 

Psychological  Examination 

SCL-90-R  Anxiety 

NS 

**(NS) 

SCL-90-R  Depression 

NS 

**(NS) 

SCL-90-R  Hostility 

NS* 

NS 

SCL~90-R  Interpersonal  Sensitivity 

NS 

**(NS) 

SCL-90-R  Obsessive-Compulsive  Behavior 

NS 

**(NS) 

SCL-90-R  Paranoid  Ideation 

NS 

ns 

SCL-90-R  Phobic  Anxiety 

+0.036 

NS* 

SCL-90-R  Psychoticism 

NS 

NS 

SCL-90-R  Somatization 

NS 

NS* 

SCL-90-R  Global  Severity  Index 

NS 

**(NS) 

SCL-90-R  Positive  Symptom  Total 

NS 

**(NS) 

SCL-90-R  Positive  Symptom  Distress  Index 

NS 

NS 

+:  Relative  risk  >  1.00. 

Analysis  not  performed  due  to  sparse  number  of  abnormalities. 

NS  or  ns:  Not  significant  (p> 0.10). 

NS*:  Marginally  significant  (0.05  <p <0.10). 

**(NS)  or  **(ns):  Logj  (initial  dioxin)-by-covariate  interaction  (p<0.05);  not  significant  when  interaction  is 
deleted;  refer  to  Appendix  H-2  for  further  analysis  of  this  interaction. 

Note:  P-value  given  if  p  ^0.05. 

A  capital  “NS”  denotes  a  relative  risk  of  1.00  or  greater;  lower  case  “ns”  denotes  relative  risk  less  than 

1.00. 
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Table  12-22. 

Summary  of  Categorized  Dioxin  Analyses  (Model  3)  for  Psychology  Variables 

(Ranch  Hands  vs.  Comparisons) 


.lD!NAnJl3SlI»  ’ 

Vtuiable 

Badtgroimd  Ranch 
Hands  vs. 
Comparisons 

.  Low  Ranch 
Bands  vs. 
Comparisons 

fiigfai  Ranch 
Hands  vs. 
Cmnparisons 

Low  plus  LEgfa 
R^ch  Hands  ys. 
Comparisons 

Verified  Medical  Records 

Psychoses 

ns 

NS 

NS 

NS 

Alcohol  Dependence 

NS 

NS 

NS 

NS 

Drug  Dependence 

ns 

-- 

- 

Anxiety 

ns 

ns 

+0.044 

NS 

Other  Neuroses 

ns 

NS* 

+0.037 

+0.010 

Psychological  Exaroination 
SCL-90-R  Anxiety 

ns 

NS 

+0.002 

+0.009 

SCL-90-R  Depression 

NS 

ns 

+0.031 

NS 

SCL-90-R  Hostility 

NS 

NS 

+0.008 

+0.032 

SCL-90-R  Interpersonal 
Sensitivity 

ns 

NS 

+0.024 

NS* 

SCL-90-R  Obsessive- 
Compulsive  Behavior 

NS 

NS 

+0.049 

NS 

SCL-90-R  Paranoid  Ideation 

NS 

NS 

+0.010 

+0.029 

SCL-90-R  Phobic  Anxiety 

ns 

ns 

NS* 

NS 

SCL-90-R  Psychoticism 

NS 

ns 

NS 

NS 

SCL-90-R  Somatization 

NS 

NS 

+0.011 

+0.024 

SCL-90-R  Global  Severity 
Index 

NS 

NS 

+0.006 

+0.035 

SCL-90-R  Positive  Symptom 
Total 

ns 

NS 

+0.033 

NS 

SCL-90-R  Positive  Syn5)tom 
Distress  Index 

ns 

NS 

NS 

NS 

+:  Relative  risk  ^  1.00. 

— :  Analysis  not  performed  due  to  sparse  number  of  abnormalities. 

NS  or  ns:  Not  significant  (p>  0.10). 

NS*:  Marginally  significant  (0.05  <p <0.10). 

Note:  P-value  given  if  p ^0.05. 

A  capital  “NS”  denotes  a  relative  risk  1.00  or  greater;  a  lower  case  “ns”  denotes  relative  risk  less  than 

1.00. 
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Table  12-22.  (Continued) 

Sununary  of  Categorized  Dioxin  Analyses  (Model  3)  for  Psychology  Variables 

(Ranch  Hands  vs.  Comparisons) 


ADJUSTED 

Variable 

.  Bacii^round  B^ndb 
Hands  vs. 
Comparisons 

Low  Ranch 
Hmids  vs. 
Comparisons 

High  Ranch 
Hands  vs. 
Cmnparfeions 

JLow  phis  High 
Ranch  Hands  vs. 
Comparisons 

Verifled  Medical  Records 

Psychoses 

ns 

NS 

ns 

NS 

Alcohol  Dependence 

NS 

NS 

NS 

NS 

Drug  Dependence 

NS 

“ 

- 

- 

Anxiety 

NS 

ns 

NS 

ns 

Other  Neuroses 

Psychological  Examination 

♦*(NS) 

**(NS) 

**(NS) 

**(NS) 

SCL-90-R  Anxiety 

NS 

NS 

-1-0.041 

NS* 

SCL-90-R  Depression 

NS 

ns 

NS 

NS 

SCL-90-R  Hostility 

NS 

NS 

NS* 

NS 

SCL-90-R  Interpersonal 
Sensitivity 

NS 

NS 

NS 

NS 

SCL-90-R  Obsessive- 
Compulsive  Behavior 

-1-0.007 

ns 

NS 

NS 

SCL-90-R  Paranoid  Ideation 

**(-f0.007) 

**(NS) 

**(NS*) 

**(NS) 

SCL-90-R  Phobic  Anxiety 

NS* 

ns 

NS 

ns 

SCL-90-R  Psychoticism 

**(NS) 

**(ns) 

**(NS) 

**(NS) 

SCL-90-R  Somatization 

-1-0.031 

NS 

NS 

NS 

SCL-90-R  Global  Severity 
Index 

NS 

NS 

NS* 

NS 

SCL-90-R  Positive  Symptom 
Total 

NS 

NS 

NS 

NS 

SCL-90-R  Positive  Symptom 
Distress  Index 

NS 

NS 

NS 

NS 

+:  Relative  risk  >  1.00. 

Analysis  not  performed  due  to  sparse  number  of  abnormalities. 

NS  or  ns:  Not  significant  (p  > 0. 10). 

NS*:  Marginally  significant  (0.05  <p  <0.10). 

**(NS)  or  **(ns):  Categori^  dioxin-by-covariate  interaction  (p<0.05);  not  significant  when  interaction  is 
deleted;  refer  to  Appendix  H-2  for  further  analysis  of  this  interaction. 

**(NS*):  Categorized  dioxin-by-covariate  interaction  (p<0.05);  marginally  significant  when  interaction  is 
deleted;  refer  to  Appendix  H-2  for  further  analysis  of  this  interaction. 

**(+0.007):  Categorized  dioxin-by-covariate  interaction  (p<0.05);  significant  (p=0.007)  when  interaction  is 
deleted;  refer  to  Appendix  H-2  for  further  analysis  of  this  interaction. 

Note:  P-value  given  if  p<0.05. 

A  capital  “NS”  denotes  a  relative  risk  1.00  or  greater;  a  lower  case  “ns”  denotes  relative  risk  less  than 

1.00. 
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Table  12-23. 

Summary  of  Current  Dioxin  Analyses  (Models  4,  5,  and  6)  for  Pi^chology  Variables 

(Ranch  Hands  Only) 


IINADJUSTED 

Variable 

Model  4: 
Lijdd-Adjasted 
Current  Dioxin 

Modd  5: 
Whole-Weight 
Current  Dioxm 

Modd  6: 

Whole-Weight  Curreid 
Diorin  Adjusted  for 
Total  Lipids 

VeriHed  Medical  Records 

Psychoses 

NS 

NS 

NS 

Alcohol  Dependence 

ns 

ns 

ns 

Drug  Dependence 

ns 

ns 

ns 

Anxiety 

NS* 

+0.041 

NS 

Other  Neuroses 

+0.013 

+0.005 

NS 

Psychological  Examination 
SCL-90-R  Anxiety 

+0.005 

+0.002 

+0.013 

SCL-90-R  Depression 

NS 

NS 

NS 

SCL-90-R  Hostility 

+0.008 

+0.004 

+0.019 

SCL-90-R  Interpersonal  Sensitivity 

+0.022 

+0.012 

NS* 

SCL-90-R  Obsessive-Compulsive 
Behavior 

NS 

NS 

ns 

SCL-90-R  Paranoid  Ideation 

NS 

NS 

NS 

SCL-90-R  Phobic  Anxiety 

NS* 

NS* 

NS 

SCL-90-R  Psychoticism 

NS 

NS 

NS 

SCL-90-R  Somatization 

NS* 

+0.023 

NS 

SCL-90-R  Global  Severity  Index 

+0.024 

+0.014 

NS 

SCL-90-R  Positive  Symptom  Total 

+0.027 

+0.013 

NS 

SCL-90-R  Positive  Symptom 

Distress  Index 

NS 

NS* 

NS 

+  :  Relative  risk  >  1.00. 

NS  or  ns:  Not  significant  (p> 0.10). 

NS*:  Marginally  significant  (0.05  <p <0. 10). 

Note:  P-value  given  if  p  ^0.05. 

A  c<q)ital  “NS”  denotes  a  relative  risk  of  1.00  or  greater;  a  lower  case  “ns”  denotes  relative  risk  less 
than  1.00. 
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Table  12-23.  (Continued) 

Sununary  of  Current  Dioxin  Analyses  (Models  4,  5,  and  6)  for  Psychology  Variables 

(Ranch  Hands  Only) 


ADJUSTED 

Variable 

Modd  4: 
Li|Hd-A$usted 
Cmr^t  IMoxin 

Modd  5: 
AVhote-Wdght 
Cnrr»it  IHmdn 

Modd  (»: 

Whole-Wdght  Current 
Diosdn  Ai^usted  for 
Total  lipids 

Verified  Medical  Records 

Psychoses 

NS 

NS 

ns 

Alcohol  Dependence 

ns* 

ns 

-0.036 

Drug  Dependence 

— 

— 

_ 

Anxiety 

ns 

ns 

ns 

Other  Neuroses 

Psychological  Examination 

**(ns) 

**(NS) 

**(ns) 

SCL-90-R  Anxiety 

**(NS) 

**(NS*) 

**(NS) 

SCL-90-R  Depression 

**(NS) 

**(NS) 

**(ns) 

SCL-90-R  Hostility 

NS 

NS 

NS 

SCL-90-R  Interpersonal  Sensitivity 

NS 

NS 

NS 

SCL-90-R  Obsessive-Compulsive 
Behavior 

**(ns) 

**(ns) 

**(ns) 

SCL-90-R  Paranoid  Ideation 

**(ns) 

**(ns) 

**(ns) 

SCL-90-R  Phobic  Anxiety 

ns 

ns 

ns 

SCL-90-R  Psychoticism 

**(ns) 

ns 

ns 

SCL-90-R  Somatization 

**(NS) 

**(NS) 

**(NS) 

SCL-90-R  Global  Severity  Index 

**(NS) 

**(NS) 

**(NS) 

SCL-90-R  Positive  Symptom  Total 

NS 

NS 

NS 

SCL-90-R  Positive  Symptom 

Distress  Index 

NS 

NS 

NS 

Relative  risk  <  1.00. 

— :  Analysis  not  perfonned  due  to  sparse  number  of  abnormalities. 

NS  or  ns:  Not  significant  (p>0.10). 
ns*:  Marginally  significant  (0.05  <p<  0.10). 

**(NS)  or  **(ns):  Logj  (current  dioxin  +  l)-by-covariate  interaction- (p ^0.05);  not  significant  when 
interaction  is  deleted;  refer  to  Appendix  H-2  for  further  analysis  of  this  interaction. 
**(NS*):  Logj  (current  dioxin  +  l)-by-covariate  interaction  (p^0.05);  marginally  significant  when  interaction 
is  deleted;  refer  to  Appendix  H-2  for  further  analysis  of  this  interaction. 

Note:  P-value  given  if  p  ^0.05. 

A  capital  “NS”  denotes  a  relative  risk  of  1 .00  or  greater;  a  lower  case  “ns”  denotes  relative  risk  less 
than  1.00. 
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Table  12-24. 

Summary  of  Group-by-Covariate  and  Dioxin-by-Covariate  Interactions  from  Adjusted 

Analyses  of  Psychology  Variables 


Model 

VariaUe 

Covari^e 

Alcohol  Dependence 

Other  Nenroses 

SCL-90-R  Hostility 

SCL-90-R  Paranoid  Ideation 

Current  Marital  Status 

Education,  Current  Total  Household 
Income 

Current  Alcohol  Use,  Education 

Race 

Anxiety 

SCL-90-R  Anxiety 

SCL-90-R  Depression 

SCL-90-R  Interpersonal  Sensitivity 

SCL-90-R  Obsessive-Compulsive  Behavior 

SCL-90-R  Global  Severity  Index 

SCL-90-R  Positive  Symptom  Total 

Occupation 

Occupation,  Current  Alcohol  Use 

Lifetime  Alcohol  History 

Occupation,  Lifetime  Alcohol  History 
Occupation,  Current  Total  Household 
Income 

Current  Alcohol  Use 

Occupation,  Current  Total  Household 
Income 

3= 

Other  Neuroses 

SCL-90-R  Paranoid  Ideation 

SCL-90-R  Psychoticism 

Lifetime  Alcohol  History,  Education, 
Current  Total  Household  Income, 

Combat  Service 

Current  Marital  Status 

Current  Alcohol  Use 

Other  Neuroses 

SCL-90-R  Anxiety 

SCL-90-R  Depression 

SCL-90-R  Obsessive-Compulsive  Behavior 

SCL-90-R  Paranoid  Ideation 

SCL-90-R  Psychoticism 

SCL-90-R  Somatization 

SCL-90-R  Global  Severity  Index 

Lifetime  Alcohol  History 

Current  Alcohol  Use 

Current  Total  Household  Income 

Current  Alcohol  Use,  Current  Total 
Household  Income 

Education,  Current  Marital  Status, 

Combat  Service 

Current  Alcohol  Use 

Current  Alcohol  Use,  Education 

Current  Alcohol  Use 

5® 

Other  Neuroses 

SCL-90-R  Anxiety 

SCL-90-R  Depression 

SCL-90-R  Obsessive-Compulsive  Behavior 

SCL-90-R  Paranoid  Ideation 

SCL-90-R  Somatization 

SCL-90-R  Global  Severity  Index 

Lifetime  Alcohol  History 

Current  Alcohol  Use 

Race,  Current  Total  Household  Income 
Current  Alcohol  Use,  Current  Total 
Household  Income 

Education,  Current  Marital  Status, 

Combat  Service 

Current  Alcohol  Use 

Current  Alcohol  Use,  Current  Total 
Household  Income 
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Table  12-24.  (Continued) 

Sununary  of  Group-by-Covariate  and  Dioxin-by-Covariate  biteractions  from  Adjusted 

Analyses  of  Psychology  Variables 


Model 

VariaUe 

Covariate 

6^ 

Other  Neuroses 

Lifetime  Alcohol  History 

SCL-90-R  Anxiety 

Current  Alcohol  Use 

SCL-90-R  Depression 

Race,  Current  Total  Household  Income 
Current  Alcohol  Use,  Current  Total 

SCL-90-R  Obsessive-Compulsive  Behavior 

Household  Income 

Education,  Current  Marital  Status, 

SCL-90-R  Paranoid  Ideation 

Combat  Service 

Current  Alcohol  Use,  Education 

SCL-90-R  Somatization 

Current  Alcohol  Use,  Current  Total 

SCL-90-R  Global  Severity  Index 

Household  Income 

“  Group  Analysis  (Ranch  Hands  vs.  Conq)arison). 

Ranch  Hands— Log2  (Initial  Dioxin). 

^  Categorized  Dioxin. 

**  Ranch  Hands— Log2  (Current  Lipid-Adjusted  Dioxin  -I-  1). 

®  Ranch  Hands— Log2  (Current  Whole-Weight  Dioxin  -I-  1). 

^  Ranch  Hands— Log2  (Churent  Whole-Weight  Dioxin  +  1),  Adjusted  for  Total  Lipids. 
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marginally  significant.  Other  marginally  significant  analyses  were  SCL-90-R  hostility 
(unadjusted)  and  SCL-90-R  somatization  (adjusted). 

Model  3:  Cat^orized  Dioxin  Analysis 

Unadjusted  Model  3  analyses  revealed  many  significant  differences  between  high  Ranch 
Hands  and  Comparisons  and  between  low  plus  high  Ranch  Hands  and  Comparisons.  Other 
neuroses,  SCL-90-R  anxiety,  SCL-90-R  hostility,  SCL-90-R  paranoid  ideation,  SCL-90-R 
somatization,  and  SCL-90-R  global  severity  index  were  each  significant  for  both  contrasts. 
Anxiety,  SCL-90-R  depression,  SCL-90-R  interpersonal  sensitivity,  SCL-90-R  obsessive- 
compulsive  behavior,  and  SCL-90-R  positive  symptom  total  each  demonstrated  significant 
differences  for  the  high  Ranch  Hand  contrast  only.  Marginally  significant  results  were  found 
from  the  low  Ranch  Hand  contrast  examining  other  neuroses,  the  high  Ranch  Hand  contrast 
examining  SCL-90-R  phobic  anxiety,  and  the  low  plus  high  contrast  examining  SCL-90-R 
interpersonal  sensitivity.  Each  significant  and  marginally  significant  resulting  contrast 
revealed  Ranch  Hands  exhibited  the  greater  history  of  verified  psychological  conditions  or  a 
greater  percentage  of  high  T-scoies  for  the  SCL-90-R  inventory  variables. 

Adjusted  analyses  of  Model  3  varied  greatly  from  the  unadjusted  analyses.  Most  of  the 
significant  results  were  from  the  background  Ranch  Hands  contrasts  and  resulted  from  the 
analyses  of  SCL-90-R  obsessive-compulsive  behavior,  SCL-90-R  paranoid  ideation,  and 
SCL-90-R  somatization.  The  SCL-90-R  phobic  anxiety  result  was  marginally  significant  for 
the  background  Ranch  Hand  contrast.  Differences  between  high  Ranch  Hands  and 
Comparisons  were  significant  only  for  the  SCL-90-R  anxiety  analysis.  Marginally  significant 
differences  were  revealed  from  the  high  Ranch  Hands  versus  Comparisons  contrast  for  SCL- 
90-R  hostUity,  SCL-90-R  paranoid  ideation,  and  SCL-90-R  global  severity  index. 

Marginally  significant  differences  were  uncovered  from  the  low  plus  high  Ranch  Hand  versus 
Comparison  contrast  for  SCL-90-R  anxiety.  Sunilar  to  the  unadjusted  analyses,  all 
significant  and  marginally  significant  contrasts  revealed  that  Ranch  Hands  had  the  larger 
percentage  of  high  SCL-90-R  T-scores. 

Models  4,  5,  and  6:  Current  Dioxin  Analyses 

Unadjusted  analysis  results  of  Models  4  and  5  closely  resembled  each  other,  but  Model 
6  analyses  found  fewer  significant  results.  Models  4  and  5  each  displayed  significant  current 
dioxin  associations  with  other  neuroses,  SCL-90-R  anxiety,  SCL-90-R  hostility,  SCL-90-R 
interpersonal  sensitivity,  SCL-90-R  global  severity  index,  and  SCL-90-R  positive  s)nnptom 
total  in  the  unadjusted  analyses.  Unadjusted  analyses  of  anxiety  and  SCL-90-R  somatization 
displayed  marginally  significant  results  in  Model  4  and  significant  results  in  Model  5. 
SCL-90-R  phobic  anxiety  was  marginally  significant  in  Models  4  and  5.  The  SCL-90-R 
positive  symptom  distress  index  was  marginally  significant  for  Model  5  only.  Only  SCL-90- 
R  anxiety  and  SCL-90-R  hostility  showed  significant  current  dioxin  associations  from  Model 
6  unadjusted  analyses,  and  SCL-90-R  interpersonal  sensitivity  displayed  a  marginally 
significant  association  with  current  dioxin  from  Model  6.  All  significant  and  margmally 
significant  results  revealed  that  the  history  of  a  verified  psychological  condition  or  the 
prevalence  of  high  T-scores  for  the  SCL-90-R  inventory  variables  increased  as  current  dioxin 
levels  increased. 
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In  contrast  to  the  unadjusted  analyses  of  Models  4,  5,  and  6,  most  associations  from  the 
adjusted  analyses  were  nonsignificant.  Only  one  current  dioxin  association,  which  was  from 
the  Model  6  analysis  of  alcohol  dependence,  was  significant.  Model  4  results  were 
marginally  significant  for  alcohol  dependence  only.  Both  analyses  revealed  an  inverse 
association  where  the  history  of  alcohol  dependence  decreased  as  the  current  dioxin  level 
increased.  "A  marginally  significant  positive  association  also  was  found  from  the  Model  5 
adjusted  analysis  of  SCL-90-R  anxiety. 

CONCLUSION 

Most  Model  1  significant  results  were  from  contrasts  combining  all  occupations  and 
among  the  SCL-90-R  inventory  variables.  All  significant  differences  from  Model  1  contrasts 
found  that  Ranch  Hands  exhibited  higher  psychological  distress  than  Comparisons. 

No  significant  differences  were  observed  based  on  the  Model  2  initial  dioxin  adjusted 
analyses,  and  only  two  of  the  SCL-90-R  measures  were  marginally  significant.  Significant 
results  from  Model  3  unadjusted  analysis  were  foimd  exclusively  within  the  high  or  low  plus 
high  Ranch  Hand  versus  Comparisons  contrasts.  Adjusted  Model  3  analysis  revealed  only 
three  significant  SCL-90-R  endpoints  and  were  found  within  the  background  Ranch  Hand 
versus  Comparisons  contrasts.  All  significant  differences  from  Model  3  contrasts  found  that 
Ranch  Hands  exhibited  higher  psychological  distress  than  Comparisons. 

Notable  among  analyses  of  Models  4,  5,  and  6  were  the  similarities  among  Models  4 
and  5  and  their  differences  with  Model  6  results.  Unadjusted  analysis  of  Models  4  and  5 
displayed  several  positive  significant  associations  between  psychological  distress  and  current 
dioxin  levels  while  the  Model  6  unadjusted  analysis  exhibited  only  two  significant  results. 
However,  after  adjustment  for  covariates,  no  positive  significant  associations  were  found 
from  the  adjusted  analyses  of  Models  4,  5,  and  6. 

Each  model  analyses  produced  a  smaller  number  of  significant  results  from  the  adjusted 
analyses  than  from  the  unadjusted  analyses  due  to  the  adjustment  for  important  confounding 
effects  such  as  education  and  occupation. 

In  conclusion,  the  differences  in  the  Ranch  Hand  and  Comparison  groups,  but  the  lack 
of  an  effect  attributable  to  dioxin,  suggest  that  factors  other  than  dioxin  exposure  continue  to 
contribute  to  a  relatively  small  but  notable  number  of  Ranch  Hand  test  score  abnormalities. 
Ranch  Hands  with  psychological  make-ups  predisposing  them  to  higher  levels  of  anxiety, 
psychophysiological  disturbances,  and  related  somatic  concerns,  resulting  from  repeated 
public  suggestion  of  physical  and  psychological  consequences  of  dioxin  exposure,  would 
predictably  demonstrate  a  self-perpetuating  pattern  of  either  static  or  escalating  physical  and 
psychological  symptoms.  Previous  studies  in  clinical  medicine  continue  to  indicate  the  need 
for  caution  when  interpreting  the  outcome  of  large  statistical  studies.  The  possibility  that  a 
small  subset  of  physically  or  psychologically  vulnerable  Ranch  Hands  may  have  suffered 
psychological  injury  in  the  context  of  their  exposure  to  dioxin  cannot  be  definitively  ruled  out 
at  this  time. 
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CHAPTER  13 


GASTROINTESTINAL  ASSESSMENT 


INTRODUCTION 

Background 

In  contrast  with  the  wealth  of  dioxin  research  data  available  in  animal  models,  there  is 
relatively  little  information  about  the  effects  of  2,3,7,8-tetrachlorodibenzo-p-dioxin  (TCDD, 
or  dioxin)  on  the  human  digestive  system.  Although  the  pharmacokinetics  of  orally  ingested 
TCDD  in  a  human  volunteer  have  been  reported  (1),  the  pathologic  lesions  that  have  been 
studied  in  animals  (gastric  metaplasia  with  ulceration  and  ileitis)  have  not  been  described  in 
human  populations,  in  which  the  principal  route  of  exposure  has  been  transcutaneous. 

Further,  in  two  reports  of  extreme  phenoxyherbicide  toxicity  by  ingestion  in  three  humans, 
the  primary  target  organs  were  the  central  nervous  system  with  associated  coma,  and  the 
musculoskeletal  system  with  rhabdomyolysis  and  renal  failure,  rather  than  digestive  system 
effects  (2,3). 

The  digestive  system  and  the  liver  have  been  clearly  defined  as  target  organs  for  TCDD 
toxicity  in  numerous  laboratory  and  domestic  animals  (4-9).  TCDD  ingested  by  rodents 
(10-18)  and  adult  monkeys  (19)  is  absorbed  by  the  intestinal  lymphatics,  transported  by 
chylomicrons  in  enterohepatic  circulation,  and  preferentially  stored  in  the  liver.  Hepatotoxic 
manifestations,  which  appear  to  be  dose-  and  time-dependent,  include  cellular  hypertrophy, 
parenchymal  necrosis  (principally  centrilobular),  and  fatty  degeneration  (9,  20-21). 

Much  of  the  basic  animal  research  into  the  mechanism  of  TCDD-induced  hepatotoxicity 
has  focused  on  the  definition  and  function  of  the  aryl  hydrocarbon  (Ah)  receptor,  a 
stereospecific  protein  present  in  the  cytosol  of  hepatic  parenchymal  cells  in  some  animal 
species  (22-27).  Capable  of  binding  aromatic  hydrocarbons,  the  species-  and  strain-specific 
Ah  receptor  mediates  a  broad  range  of  biochemical  and  enzymatic  reactions,  many  of  which 
are  dependent  on  the  ferrocytochrome  P-450  enzyme  system  (22,28-31).  In  rats,  TCDD 
administration  is  associated  with  increased  gastrin  secretion  (32)  and  hypertrophy  of  the 
gastric  antral  mucosa  (33).  This  Ah  receptor  has  not  been  identified  in  humans. 

A  host  of  hepatic  biochemical  reactions  related  to  TCDD  toxicity  have  been  studied 
including  enhanced  lipid  peroxidation  (10,  34-39),  hepatic  prostaglandin  synthetase  activity 
(40),  and  inhibition  of  glutathione  peroxidase  (36).  Results  from  several  lines  of  biochemical 
investigation  have  created  a  bridge  between  animal  and  human  studies  including  research  into 
lipid  (39,41-44)  and  porphyrin  metabolism  (45-48).  In  rats,  TCDD  has  been  shown  to 
increase  the  activity  of  glucuronyl  transferase  (49),  which  has  led  in  turn  to  the  use  of 
urinary  d-glucaric  acid  as  a  marker  for  TCDD  exposure  in  some  human  epidemiologic 
studies  (50-52). 

Numerous  human  morbidity  studies  from  the  industrial  sector  have  reported  abnormal 
indices  of  liver  function  in  most  cases  unassociated  with  any  other  clinical  evidence  for 
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hepatic  or  gastrointestinal  disease  (53-57).  Further,  in  longer-term  followup  studies, 
abnormalities  noted  at  the  time  of  acute  exposure  appeared  to  disappear  over  time  (58-62). 

Several  reports  of  Vietnam  veterans  have  focused  on  the  potential  association  of  hepatic 
and  digestive  diseases  with  Herbicide  Orange  exposure.  In  one  retrospective  cohort  study,  in 
which  the  self-reporting  of  a  rash  during  or  after  duty  in  Vietnam  was  used  as  a  surrogate  for 
dioxin  exposure,  an  increased  prevalence  of  liver  enzyme  abnormalities  was  noted  but 
attributed  to  prior  viral  hepatitis  and  alcohol  consumption  (63).  Similarly,  chronic 
alcoholism  contributed  to  increased  mortality  from  digestive  diseases  (cirrhosis  and  peptic 
ulcer)  in  a  study  of  U.S.  Army  Chemical  Corps  veterans  (64). 

Few  epidemiologic  studies  have  correlated  tissue  dioxin  levels  with  indices  of  the 
digestive  system.  One  report,  employing  adipose  samples  assayed  for  TCDD,  found  no 
abnormalities  in  standard  tests  of  liver  function  related  to  the  body  burden  of  dioxin  (65). 

The  National  Institutes  for  Occupational  Safety  and  Health  (NIOSH)  is  conducting  a 
comprehensive  cross-sectional  study  of  industrial  workers  proved  by  serum  TCDD  levels  to 
have  had  significant  occupational  exposure  to  dioxin.  In  a  recent  report  comparing  281 
exposed  (mean  lipid-adjusted  serum  TCDD  level  of  220  pg  per  gram  of  lipid)  and  260 
controls  (mean  serum  TCDD  of  7  pg  per  gram  of  lipid)  there  was  no  evidence  for  an 
increased  risk  of  clinical  hepatic  or  gastrointestinal  disease  related  to  dioxin  exposure.  Upon 
further  analysis,  a  statistically  significant  elevation  in  gamma  glutamyl  transferase  (GOT)  in 
the  exposed  group  was  attributed  to  alcohol  consumption  (66). 

Finally,  in  the  most  recent  reports  of  the  Air  Force  Health  Study  (AFHS),  the  latest  of 
which  includes  serum  dioxin  data  (67,68),  there  was  no  increase  in  the  prevalence  of  hepatic 
or  digestive  disease  in  the  Ranch  Hand  cohort  versus  the  Comparisons. 

■Summary  of  Previous  Analyses  of  the  Air  Force  Health  Study 

1982  Baseline  Study  Summary  Results 

The  1982  AFHS  examination  included  an  extensive  evaluation  of  hepatic  status  by 
questionnaire,  physical  examination,  and  laboratory  testing.  The  questionnaire  elicited  data 
on  liver  conditions,  liver  disease,  and  symptoms  compatible  with  porphyria  cutanea  tarda 
(PCT),  as  well  as  detailed  information  on  PCT  risk  factors  (e.g.,  alcohol  consumption, 
chemical  exposures).  The  physical  examination  measured  hepatomegaly,  or  enlarged  liver, 
when  present  and  determined  liver  function  and  porphyrin  patterns  by  a  comprehensive 
battery  of  12  laboratory  tests. 

The  questionnaire  showed  that  Ranch  Hands  reported  more  miscellaneous  liver 
conditions  (verified  by  medical  record  reviews)  and  more  skin  changes  compatible  with  PCT 
than  their  Comparisons.  Although  the  reported  skin  changes  were  statistically  significant,  no 
cases  of  PCT  were  diagnosed  at  examination  in  either  cohort. 

Ranch  Hands  had  slightly  higher  GGT  and  lactic  dehydrogenase  (LDH)  results  and 
lower  cholesterol  levels;  no  differences  were  found  for  bilirubin  or  alkaline  phosphatase 
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levels.  All  of  these  two-factor  interactions  were  statistically  significant  (p<0.05).  There 
were  no  significant  group  differences  in  uroporphyrin,  copropoiphyrin,  or  d-aminolevulinic 
acid  levels,  nor  did  any  test  set  support  a  diagnosis  of  PCX. 

The  comprehensive  hepatic  evaluation  did  not  reveal  any  consistent  pattern  of  significant 
liver  damage  in  the  Ranch  Hand  group. 

1985  Followup  Study  Summary  Results 

The  1985  AFHS  examination  continued  the  emphasis  on  hepatic  function  and  expanded 
the  porphyrin  test  battery  to  six  assays.  The  interval  questionnaire  revealed  sparse  reporting 
of  liver  disorders  from  1982  to  1985.  Reported  liver  diseases  were  verified  by  medical 
records,  and  these  data  were  added  to  the  verified  Baseline  history  to  assess  possible  lifetime 
differences.  No  significant  differences  were  found. 

The  physical  examination  disclosed  a  marginally  significant  increase  of  hepatomegaly  in 
the  Ranch  Hand  group.  Emphasis  was  placed  on  nine  laboratory  test  variables  measuring 
liver  functions — aspartate  aminotransferase  (AST),  alanine  aminotransferase  (ALT,  previously 
called  serum  glutamic-pyruvic  transaminase  or  SGPT),  GGT,  alkaline  phosphatase,  total  and 
direct  bilirubin,  LDH,  cholesterol,  triglycerides — additionally,  uroporphyrin  and 
copropoiphyrin  measurements  were  obtained  to  assess  the  likelihood  of  PCT. 

Only  four  variables  produced  differences  of  any  note.  The  results  showed  a 
significantly  lower  mean  ALT  level,  a  greater  mean  alkaline  phosphatase  level,  a  lower  mean 
uroporphyrin  level,  and  a  marginally  significant  greater  mean  coproporphyrin  level  in  Ranch 
Hands.  Only  for  alkaline  phosphatase  was  the  discrete  analysis  statistically  significant. 

Overall,  the  followup  examination  laboratory  data  showed  no  adverse  clinical  or 
exposure  patterns  in  either  group.  Further,  highlighting  the  difference  between  statistical 
significance  and  biological  relevance,  the  continuous  statistical  tests  detected  significant  mean 
shifts  (still  within  normal  range)  that  were  not  mirrored  by  the  discrete  tests.  These  findings 
were  generally  consistent  with  the  1982  Baseline  data.  Slight  differences  in  analytic  results 
are  probably  due  to  the  use  of  more  fully  adjusted  models  for  the  1985  followup  examination 
data. 


Interval  reporting  of  PCT-like  symptoms  of  skin  patches,  bruises,  and  sensitivity  was 
significantly  increased  in  Ranch  Hands.  However,  when  these  historic  data  were  contrasted 
to  both  uroporphyrin  and  copropoiphyrin  abnormalities,  no  correlation  was  apparent,  nor 
were  there  any  significant  group  differences.  The  likelihood  of  bona  fide  PCT  among  study 
participants,  and  particularly  among  the  Ranch  Hands,  appears  to  be  remote. 

1987  Followup  Study  Summary  Results 

Overall,  the  gastrointestinal  assessment  did  not  find  the  health  of  the  Ranch  Hand  group 
to  be  significantly  different  from  that  of  the  Comparison  group.  Group  differences  based  on 
verified  historical  data  from  the  questionnaire  were  not  significant  for  eight  categories  of 
liver  disease.  No  significant  group  difference  was  found  for  past  or  present  occurrence  of 
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peptic  ulcers.  The  prevalence  of  hepatomegaly  diagnosed  at  the  physical  examination  also 
was  not  significantly  different  between  the  two  groups.  The  only  significant  finding  from  the 
laboratory  examination  variables  was  that  Ranch  Hands  had  a  higher  mean  alkaline 
phosphatase  than  Comparisons,  also  noted  at  the  1985  examination.  Group  differences  for 
the  other  laboratory  variables  (AST,  ALT,  GGT,  total  bilirubin,  direct  bilirubin,  LDH, 
cholesterol,  high-density  lipoprotein  [HDL],  cholesterol-HDL  ratio,  triglycerides,  and 
creatine  kinase)  were  not  significant. 

Serum  Dioxin  Analysis  of  1987  Followup  Study  Summary  Results 

The  1987  serum  dioxin  analyses  did  not  show  a  significant  association  with  any  of  the 
verified  historical  liver  disorder  variables.  However,  the  analyses  of  the  laboratory  variables 
detected  significant  associations  between  dioxin  (current  and  estimated  initial)  and  lipid- 
related  health  indices  such  as  cholesterol,  HDL  cholesterol,  the  cholesterol-HDL  ratio,  and 
triglycerides.  These  findings  were  consistent  with  significant  associations  seen  for  fat-related 
variables  in  other  clinical  assessments  such  as  the  percent  body  fat  results  in  the  General 
Health  Assessment  and  the  diabetes  and  glucose  results  noted  in  the  Endocrine  Assessment, 
and  may  represent  a  dioxin  mediated  alteration  of  biochemical  processes. 

Parameters  for  the  Gastrointestinal  Assessment 

Dependent  Variables 

Questionnaire,  physical  examination,  and  laboratory  data  were  used  in  the 
gastrointestinal  assessment.  The  questionnaire  data  was  organized  by  International 
Classification  of  Diseases,  9th  Edition,  Clinical  Modification  (ICD-9-CM)  medical  coding 
categories. 

Medical  Records  Data 

During  the  1992  health  interview,  each  smdy  participant  was  asked  about  the  occurrence 
of  hepatitis,  jaundice,  cirrhosis,  enlarged  liver,  and  other  liver  conditions.  This  self-reported 
information  was  captured  in  the  questionnaire  and  combined  with  information  from  the 
Baseline,  1985,  and  1987  examinations  and  verified  by  medical  record  review.  The  verified 
results  were  grouped  into  eight  categories  of  disorders  for  analysis:  hepatitis  (non- A,  non-B, 
and  non-C),  jaundice  (unspecified,  not  of  the  newborn),  acute  and  subacute  necrosis  of  the 
liver,  chronic  liver  disease  and  cirrhosis  (alcohol-related  and  nonalcohol-related  cirrhosis  will 
be  analyzed  separately),  liver  abscess  and  sequelae  of  chronic  liver  disease,  other  disorders 
of  the  liver  (ICD  codes  5730-5739,  7901,  7904,  7905,  and  7948),  and  enlarged  liver 
(hepatomegaly).  Hepatitis  (non-A,  non-B,  and  non-C)  was  verified  by  serological  testing. 

The  purpose  of  the  hepatitis  (non-A,  non-B,  and  non-C)  category  was  to  define  a  category 
that  was  neither  clearly  A  nor  B  nor  C,  so  that  liver  disease  misdiagnosed  as  “viral  hepatitis” 
could  be  detected.  This  approach  to  historical  hepatitis  creates  a  group  of  cases  that  could 
have  been  chemically  induced.  The  category  of  other  liver  disorders  includes  elevated 
enzyme  elevations  as  well  as  conditions  such  as  abnormal  liver  scans,  unspecified  liver 
disorders,  and  unspecified  hepatitis.  The  majority  of  AFHS  participants  with  a  medical 
history  of  other  liver  disorders  were  individuals  who  had  been  told  at  a  previous  AFHS 
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examination  that  they  had  a  nonspecific  elevation  of  a  laboratory  test  (687/691).  Only  four 
participants  had  an  actual  diagnosed  liver  disease.  Abnormal  enzyme  elevations  and 
unspecified  hepatitis  also  are  in  this  category. 

Information  on  the  occurrence  of  skin  bruises,  patches,  and  sensitivity  also  was  captured 
in  all  four  questionnaires  (1982,  1985,  1987,  and  1992).  The  occurrence  of  skin  bruises, 
patches,  and  sensitivity  was  intended  to  be  a  surrogate  measure  for  symptoms  of  PCT. 
However,  the  diagnoses  of  the  individuals  reporting  “yes”  to  skin  bruises,  patches,  or 
sensitivity  included  such  a  broad  range  of  conditions  that  meaningful  analysis  was  not 
feasible.  Appendix  Table  I-l-l  displays  the  diagnoses  for  all  of  the  participants  who  reported 
“yes”  to  skin  bruises,  patches,  or  sensitivity. 

For  each  condition,  participants  with  a  pre-SEA  diagnosis  were  excluded  from  the 
analysis. 

Physical  Examination  Data 

One  variable  from  the  1992  physical  examination,  current  hepatomegaly,  was  analyzed 
in  the  gastrointestinal  assessment.  This  variable  was  coded  as  “yes”  or  “no.”  Participants 
whose  blood  contained  hepatitis  B  surface  antigen  (HEjAg)  or  hepatitis  C  antibodies  were 
excluded  from  the  analysis  of  current  hepatomegaly  to  account  for  the  effects  of  these  viruses 
on  chronic  hepatic  disease. 

Laboratory  Examination  Data 

The  1992  examination  emphasized  the  evaluation  of  laboratory  data  through  the  analysis 
of  28  measurements.  Twelve  of  these  laboratory  variables  were  common  to  the  statistical 
analysis  for  the  1987  examination:  AST  (U/L),  ALT  (U/L),  GGT  (U/L),  alkaline 
phosphatase  (U/L),  total  bilirubin  (mg/dl),  direct  bilirubin  (mg/dl),  lactic  dehydrogenase 
(LDH  in  U/L),  cholesterol  (mg/dl),  high-density  lipoproteins  (HDL  in  mg/dl), 
cholesterol-HDL  ratio,  triglycerides  (mg/dl),  and  creatine  kinase  (U/L).  In  addition,  the 
1992  gastrointestinal  assessment  was  expanded  to  include  serum  amylase  (U/L),  antibodies 
for  hepatitis  A,  serological  evidence  of  prior  hepatitis  B  infection,  antibodies  for  hepatitis  C, 
stool  hemoccult,  and  10  components  (in  mg/dl)  in  a  protein  profile  (prealbumin,  albumin, 
a-l-acid  glycoprotein,  a- 1 -antitrypsin,  Q:-2-macroglobulin,  apolipoprotein  B,  C3  complement, 
C4  complement,  haptoglobin,  and  transferrin).  IgA,  IgG,  and  IgM  also  were  part  of  this 
profile,  but  they  were  analyzed  in  the  Immunologic  Assessment  (see  Chapter  19). 

Baxter/Dade  Paramax®  equipment  was  used  to  quantify  the  12  laboratory  variables 
analyzed  previously  as  well  as  serum  amylase  (added  in  1992).  The  Brooks  Air  Force  Base 
(AFB),  Texas,  laboratory  determined  antibodies  of  hepatitis  A,  serological  evidence  of 
present  or  prior  hepatitis  B  infection:  hepatitis  B  surface  antigen  (HBjAg)  and  its  antibody, 
anti-HBs;  anti-hepatitis  B  core  antibodies  (IgM  anti-HBj.  and  IgG  anti-HBc);  hepatitis  Bj 
antigen  (HB^Ag)  and  Us  antibody,  anti-HBe,  and  antibodies  of  hepatitis  C.  The  Beckman 
Array  Protein  System  quantified  the  components  of  the  protein  profile. 
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All  laboratory  variables  were  analyzed  in  both  continuous  and  discrete  forms  except  for 
direct  bilirubin,  antibodies  for  hepatitis  A,  positive  serological  evidence  of  present  or  prior 
hepatitis  B  infection,  antibodies  for  hepatitis  C,  and  stool  hemoccult,  which  were  analyzed 
only  in  discrete  form.  The  continuous  data  were  transformed  to  enhance  normality,  if 
necessary.  Direct  bilirubin  was  analyzed  only  in  its  discrete  form  because  there  were  few 
distinct  measurements,  precluding  a  meaningful  continuous  analysis. 

Participants  whose  blood  contained  HBjAg  or  hepatitis  C  antibodies,  and  participants 
with  body  temperatures  greater  than  or  equal  to  100°  Fahrenheit,  were  excluded  from  the 
analysis  of  all  laboratory  variables  except  antibodies  for  hepatitis  A,  serological  evidence  of 
prior  hepatitis  B  infection,  and  antibodies  for  hepatitis  C.  For  these  three  hepatitis  variables, 
no  participants  were  excluded. 

One  Ranch  Hand  was  found  to  have  a  history  of  hepatitis  C  after  the  statistical  analyses 
for  hepatitis  C  were  well  underway.  Consequently,  the  analyses  of  the  dependent  variable 
“Antibodies  for  Hepatitis  C”  were  changed  to  include  this  individual,  but  the  exclusion 
category  “Presence  of  Hepatitis  C  Antibodies”  was  not  modified.  This  Ranch  Hand  did  not 
have  a  dioxin  measurement  and  therefore  only  the  results  of  Model  1  were  affected. 

Covariates 

Race,  military  occupation,  lifetime  alcohol  history,  lifetime  industrial  chemical 
exposure,  and  lifetime  degreasing  chemical  exposure  were  candidate  covariates  in  the 
adjusted  analyses  for  all  of  the  medical  records  variables.  Similar  to  the  1987 
gastrointestinal  serum  dioxin  analysis,  the  adjusted  analyses  for  all  of  the  medical  records 
variables  retained  age  because  older  individuals  are  more  susceptible  to  disease  than  younger 
individuals  and  therefore  may  tend  to  have  a  higher  historical  occurrence  of  disease.  Also, 
the  analysis  of  chronic  liver  disease  and  cirrhosis  (alcohol-related)  excluded  participants  with 
zero  lifetime  alcohol  history  because  nondrinkers  would  not  be  at  risk  for  alcohol-related 
liver  disease. 

Age,  race,  military  occupation,  current  alcohol  use,  lifetime  alcohol  history,  lifetime 
industrial  chemical  exposure,  and  lifetime  degreasing  chemical  exposure  were  candidate 
covariates  for  the  adjusted  analyses  of  the  physical  examination  variable  and  all  of  the 
laboratory  variables  except  alkaline  phosphatase,  antitrypsin,  antibodies  for  hepatitis  A, 
serological  evidence  of  prior  hepatitis  B  infection,  and  antibodies  for  hepatitis  C.  The 
adjusted  analyses  for  antibodies  for  hepatitis  A,  serological  evidence  of  prior  hepatitis  B 
infection,  and  antibodies  for  hepatitis  C  used  all  of  the  candidate  covariates  except  current 
alcohol  use.  Wine  use  showed  a  strong  negative  association  with  alkaline  phosphatase  in  the 
1985  and  1987  examinations.  The  negative  association  persisted  in  the  1992  followup  data; 
therefore,  current  wine  use  and  lifetime  wine  history  replaced  current  alcohol  use  and 
lifetime  alcohol  history  as  candidate  covariates  for  alkaline  phosphatase.  Current  wine 
consumption  replaced  current  alcohol  use  in  the  adjusted  analysis  of  a-1  antitrypsin  because 
covariate  associations  of  the  1992  followup  data  showed  that  antitrypsin  was  highly 
associated  with  current  wine  use,  but  not  associated  with  current  alcohol  use. 
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The  lifetime  alcohol  (or  wine)  history  and  current  alcohol  (or  wine)  use  covariates  were 
based  on  self-reported  information  from  the  questionnaire.  For  lifetime  alcohol  history,  the 
respondent’s  average  daily  alcohol  consumption  was  determined  for  various  drinking  stages 
throughout  his  lifetime,  and  an  estimate  was  derived  for  the  corresponding  total  number  of 
drink-years  (1  drink-year  is  the  equivalent  of  drinking  1.5  ounces  of  80-proof  alcoholic 
beverage  per  day  for  1  year).  The  current  alcohol  use  covariate  was  based  on  average  daily 
alcohol  consumption  for  the  month  prior  to  completing  the  questionnaire.  Exposure  to 
industrial  chemicals  and  degreasing  chemicals  covariates  represented  lifetime  exposure  based 
on  self-reported  questionnaire  data. 

Age,  current  alcohol  use,  and  lifetime  alcohol  history  were  treated  as  continuous 
variables  for  all  adjusted  analyses  and  were  categorized  to  explore  interactions.  Current  wine 
use  and  lifetime  wine  history  were  treated  as  continuous  variables  for  the  adjusted  alkaline 
phosphatase  analyses  and  were  categorized  for  interaction  exploration.  For  a-1  antitrypsin, 
the  adjusted  analysis  also  treated  current  wine  use  as  a  continuous  variable  and  categorized  it 
to  study  interactions.  Degreasing  chemical  exposure  and  industrial  chemical  exposure  were 
categorized  as  yes  or  no  for  all  analyses. 

Statistical  Methods 

Table  13-1  summarizes  the  statistical  analyses  performed  for  the  gastrointestinal 
assessment.  The  basic  statistical  analysis  methods  used  are  described  in  Chapter  7,  Statistical 
Methods.  The  first  part  of  Table  13-1  lists  the  dependent  variables  analyzed,  the  source  of 
the  data,  the  form  of  the  data  (discrete  or  continuous),  the  cutpoints,  the  candidate 
covariates,  and  the  statistical  methods.  The  second  part  of  this  table  provides  a  further 
description  of  the  candidate  co variates  examined.  Abbreviations  used  in  the  body  of  the  table 
are  defined  at  the  end  of  the  table. 

Table  13-2  provides  the  number  of  participants  with  missing  dependent  variable  and 
covariate  data,  and  the  number  of  participants  excluded  for  medical  reasons  and  pre-SEA- 
conditions. 

Cutpoints  for  cholesterol,  HDL  cholesterol,  and  triglycerides  are  age-dependent. 
Consequently,  normal  and  abnormal  levels  were  constructed  according  to  a  participant’s 
laboratory  value  and  age  at  the  physical  examination.  The  age-specific  cutpoints  are  listed  in 
Table  13-1,  and  the  reference  ages  for  these  cutpoints  are  given  in  parentheses  following  the 
cutpoints. 

Analyses  of  data  collected  at  the  1987  followup  study  indicated  that  dioxin  was 
associated  with  military  occupation.  In  general,  enlisted  personnel  had  higher  levels  of 
dioxin  than  officers,  with  enlisted  groundcrew  having  higher  levels  than  enlisted  flyers. 
Consequently,  adjustment  for  military  occupation  in  statistical  models  using  dioxin  as  a 
measure  of  exposure  may  improperly  mask  an  actual  dioxin  effect.  However,  occupation 
also  can  be  a  surrogate  for  socioeconomic  effects.  Failure  to  adjust  for  occupation  could 
overlook  important  risk  factors  related  to  lifestyle.  If  occupation  was  found  to  be 
significantly  associated  with  a  dependent  variable  in  the  1992  followup  analyses  and  was 
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Table  13-1. 

Statistical  Analyses  for  the  Gastrointestinal  Assessment 


Dependent  Variables 


Data 

Data 

Candidate 

Statistical^ 

Variable  (Units) 

Source 

Form 

Outpoints 

Covariates 

Analyses 

Hepatitis 

MR-V 

D 

Yes 

AGE, RACE, 

U:LR,CS 

(Non-A,  Non-B, 

No 

OCC,DRKYR, 

A:LR 

and  Non-C) 

IC,DC 

Jaundice  (Unspecified) 

MR-V 

D 

Yes 

AGE,RACE, 

U:LR,CS 

No 

OCC,DRKYR, 

IC,DC 

A:LR 

Acute  and  Subacute 

MR-V 

D 

Yes 

Frequencies 

Necrosis  of 
the  Liver 

No 

Chronic  Liver  Disease 

MR-V 

D 

Yes 

AGE,RACE, 

U:LR,CS 

and  Cirrhosis 

No 

OCC,DRKYR, 

A:LR 

(Alcohol-Related) 

IC,DC 

Chronic  Liver  Disease 

MR-V 

D 

Yes 

AGE,RACE, 

U:LR,CS 

and  Cirrhosis 

No 

OCC,DRKYR, 

A:LR 

(Nonalcohol-Related) 

IC,DC 

Liver  Abscess  and 

MR-V 

D 

Yes 

- 

Frequencies 

Sequelae  of  Chronic 
Liver  Disease 

No 

Other  Liver 

MR-V 

D 

Yes 

AGE,RACE, 

U:LR,CS 

Disorders 

No 

OCC,DRKYR, 

IC,DC 

A:LR 

Hepatomegaly 

MR-V 

D 

Yes 

AGE,RACE, 

U:LR,CS 

No 

OCC,DRKYR, 

IC,DC 

A:LR 

Current  Hepatomegaly 

PE 

D 

Yes 

AGE,RACE, 

U:LR,CS 

No 

OCC,ALC, 

DRKYR,IC,DC 

A:LR 

AST  (U/L) 

LAB 

D/C 

High:  >50 

AGE,RACE, 

U:LR,CS,GLM, 

Normal:  <50 

OCC,ALC, 

TT 

DRKYR,IC,DC 

A:LR,GLM 

L:LR,GLM 
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Table  13-1.  (Continued) 

Statistical  Analyses  for  the  Gastrointestinal  Assessment 
Dependent  Variables 


Variable  (Units) 

Data 

Source 

Data 

Form 

Cutpoints 

Candidate 

CoTuiates 

Statistical 

Analyses 

ALT  (U/L) 

LAB 

D/C 

High:  >55 
Normal;  ^55 

AGE.RACE, 

OCC.ALC, 

DRKYRJC.DC 

U:LR,CS,GLM, 

TT 

A:LR,GLM 

L:LR,GLM 

GOT  (U/L) 

LAB 

D/C 

High:  >51 
Normal:  <51 

AGE,RACE, 

OCC,ALC, 

DRKYRJC.DC 

U.LR.CS.GLM, 

TT 

A:LR,GLM 

L:LR,GLM 

Alkaline  Phosphatase 
(U/L) 

LAB 

D/C 

High:  >107 
Normal:  <  107 

AGE,RACE, 

OCC.WINE, 

LWINE.IC.DC 

U:LR,CS,GLM, 

TT 

A:LR,GLM 

Total  Bilirubin 
(mg/dl) 

LAB 

D/C 

High:  >1.2 
Normal:  <1.2 

AGE.RACE, 

OCC.ALC, 

DRKYR.IC.DC 

U:LR,CS,GLM, 

TT 

A:LR,GLM 

Direct  Bilirubin 
(mg/dl) 

LAB 

D 

High:  >0.4 
Normal:  <0.4 

AGE.RACE, 

OCC.ALC, 

DRKYR.IC.DC 

U:LR,CS 

A:LR 

Lactic  Dehydrogenase 
(LDH)  (U/L) 

LAB 

D/C 

High:  >172 
Normal:  <172 

AGE.RACE, 

OCC.ALC, 

DRKYR,IC,DC 

U:LR,CS,GLM, 

TT 

A:LR,GLM 

Cholesterol 

(mg/dl) 

LAB 

D/C 

High: 

>250  (40-44) 
>260  (45-69) 
>250  (>70) 
Normal: 

<250  (40-44) 
<260  (45-69) 
<250  (>70) 

AGE.RACE, 

OCC.ALC, 

DRKYR,IC,DC 

U:LR,CS,GLM, 

TT 

A:LR,GLM 

L;LR,GLM 

HDL  Cholesterol 
(mg/dl) 

LAB 

D/C 

Low: 

<25  (40-44) 

<30  (>45) 
Normal: 

>25  (40-44) 

>30  (>45) 

AGE,RACE, 

OCC,ALC, 

DRKYR.IC.DC 

U:LR,CS,GLM, 

TT 

A:LR,GLM 

L;LR,GLM 
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Table  13-1.  (Continued) 

Statistical  Analyses  for  the  Gastrointestinal  Assessment 


Dependent  Variables 


Variable  (Units) 

Data 

Source 

Data 

Form 

Outpoints 

Candidate 

Covariates 

Statistical 

Analyses 

Cholesterol-HDL 

Ratio 

LAB 

D/C 

High:  >5 

Normal:  <5 

AGE, RACE, 

OCC,ALC, 

DRKYR,IC,DC 

U:LR,CS,GLM, 

TT 

A:LR,GLM 

L:LR,GLM 

Triglycerides 

(mg/dl) 

LAB 

D/C 

High: 

>320  (40-54) 
>290(55-64) 
>260  (>65) 
Normal: 

<320  (40-54) 
<290  (55-64) 
<260  (>65) 

AGE,RACE, 

OCC,ALC, 

DRKYR,IC,DC 

U:LR,CS,GLM, 

TT 

A:LR,GLM 

L:LR,GLM 

Creatine  Kinase 
(U/L) 

LAB 

D/C 

High:  >224 
Normal:  <224 

AGE,RACE, 

OCC,ALC, 

DRKYR,IC,DC 

U:LR,CS,GLM, 

TT 

A:LR,GLM 

Serum  Amylase 
(U/L) 

LAB 

D/C 

High:  >  122 
Normal:  <  122 

AGE,RACE, 

OCC,ALC, 

DRKYR,IC,DC 

U:LR,CS,GLM, 

TT 

A:LR,GLM 

Antibodies  for 

Hepatitis  A 

LAB-AF 

D 

Yes 

No 

AGE,RACE, 

OCC,DRKYR, 

IC,DC 

U:LR,CS 

A:LR 

Serological  Evidence  of 
Present  or  Prior 
Hepatitis  B 

Infection 

LAB-AF 

D 

Yes 

No 

AGE,RACE, 

OCC,DRKYR, 

IC,DC 

U:LR,CS 

A:LR 

Antibodies  for 

Hepatitis  C 

LAB-AF 

D 

Yes 

No 

AGE,RACE, 

OCC,DRKYR, 

IC,DC 

U:LR,CS 

A:LR 

Stool  Hemoccult 

LAB 

D 

Yes 

No 

AGE,RACE, 

OCC,ALC, 

DRKYR,IC,DC 

U:LR,CS 

A:LR 

Protein  Profile: 

Prealbumin 

(mg/dl) 

LAB 

D/C 

Low:  <  17 
Normal:  ^17 

AGE,RACE, 

OCC,ALC, 

DRKYR,IC,DC 

U:LR,CS,GLM, 

TT 

A:LR,GLM 
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Table  13-1.  (Continued) 

Statistical  Analyses  for  the  Gastrointestinal  Assessment 


Dependent  Variables 


Variable  (Units) 

Data 

Source 

Data 

Form 

Cotpoints 

Candidate 

Covariates 

Statistical 

Analyses 

Protein  Profile: 

Albumin 

(mg/dl) 

LAB 

D/C 

Low:  <3,350 
Normal:  >3,350 

AGE,RACE, 

OCC,ALC, 

DRKYR,IC,DC 

U:LR,CS,GLM, 

TT 

A:LR,GLM 

Protein  Profile: 
a-l  Acid 

Glycoprotein  (mg/dl) 

LAB 

D/C 

High:  >88 
Normal:  <88 

AGE,RACE, 

OCC,ALC, 

DRKYR,IC,DC 

U:LR,CS,GLM, 

TT 

A:LR,GLM 

Protein  Profile: 
a-1  Antitrypsin 
(mg/dl) 

LAB 

D/C 

Abnormal  Low: 

<93 

Normal: 

93-224 

Abnormal  High: 
>224 

AGE,RACE, 

OCC,WINE, 

DRKYR,IC,DC 

U:PR,CS,GLM, 

TT 

A:PR,GLM 

Protein  Profile: 
a-2  Macroglobulin 
(mg/dl) 

LAB 

D/C 

High:  >269 
Normal:  <269 

AGE,RACE, 

OCC,ALC, 

DRKYR,IC,DC 

U:LR,CS,GLM, 

TT 

A:LR,GLM 

Protein  Profile: 
Apolipoprotein  B 
(mg/dl) 

LAB 

D/C 

High:  >128 
Normal:  <128 

AGE,RACE, 

OCC,ALC, 

DRKYR,IC,DC 

U:LR,CS,GLM, 

TT 

A:LR,GLM 

Protein  Profile: 

C3  Complement 
(mg/dl) 

LAB 

D/C 

Low:  <85 

Normal:  S85 

AGE,RACE, 

OCC,ALC, 

DRKYR,IC,DC 

U:LR,CS,GLM, 

TT 

A:LR,GLM 

Protein  Profile: 

C4  Complement 
(mg/dl) 

LAB 

D/C 

Low:  <  12 

Normal:  >12 

AGE,RACE, 

OCC,ALC, 

DRKYR,IC,DC 

U:LR,CS,GLM, 

TT 

A:LR,GLM 

Protein  Profile: 
Haptoglobin 
(mg/dl) 

LAB 

D/C 

High:  >163 
Normal:  <163 

AGE,RACE, 

OCC,ALC, 

DRKYR,IC,DC 

U:LR,CS,GLM, 

TT 

A:LR,GLM 

Protein  Profile: 

Transferrin 

(mg/dl) 

LAB 

D/C 

Low:  <252 
Normal:  >252 

AGE,RACE, 

OCC,ALC, 

DRKYR,IC,DC 

U:LR,CS,GLM, 

TT 

A:LR,GLM 
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Table  13-1.  (Continued) 

Statistical  Analyses  for  the  Gastrointestinal  Assessment 

CoTariates 


S:i'Data 

Variable  (Units) 

Source 

.^'^■:':Fonn^;  rw- 

Cutpoints 

Age  (AGE) 

MIL 

D/C 

Bom  >1942 

Bom  <1942 

Race  (RACE) 

MIL 

D 

Black 

Non-Black 

Occupation  (OCC) 

MIL 

D 

Officer 

Enlisted  Flyer 

Enlisted  Groundcrew 

Industrial  Chemical  Exposure  (IC) 

Q-SR 

D 

Yes 

No 

Degreasing  Chemical  Exposure  (DC) 

Q-SR 

D 

Yes 

No 

Current  Alcohol  Use 

Q-SR 

D/C 

0-1 

(drinks/day)  (ALC) 

>1-4 

>4 

Lifetime  Alcohol  History 

Q-SR 

D/C 

0 

(drink-years)  (DRKYR) 

>0-40 

>40 

Current  Wine  Use  (drinks 

Q-SR 

D/C 

0 

of  wine/day)  (WINE) 

>0 

Lifetime  Wine  History 

Q-SR 

D/C 

0 

(drink-years  of  wine) 

(LWINE) 

>0 
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Table  13-1.  (Continued) 

Statistical  Analyses  for  the  Gastrointestinal  Assessment 
Abbreviations 


Data  Source: 

LAB 

=  1992  laboratory  results 

LAB-AF 

=  1992  Brooks  AFB  laboratory  results 

MIL 

=  Air  Force  military  records 

MR-V 

=  Medical  records  (verified) 

PE 

=  1992  physical  examination 

Q-SR 

=  Health  questionnaires  (self-reported) 

Data  Form: 

D 

=  Discrete  analysis  only 

D/C 

=  Discrete  and  continuous  analyses  for  dependent  variables;  appropriate  form  for 

analysis  (either  discrete  or  continuous)  for  covariates 

Statistical 

U 

==  Unadjusted  analyses 

Analyses: 

A 

=  Adjusted  analyses 

L 

=  Longitudinal  analyses 

Statistical 

CS 

=  Chi-square  contingency  table  analysis  (continuity-adjusted  for  2x2  tables) 

Methods: 

GLM 

=  General  linear  models  analysis 

LR 

=  Logistic  regression  analysis 

PR 

=  Polytomous  logistic  regression  analysis 

TT 

=  Two-sample  t-test 
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Table  13-2. 

Number  of  Participants  with  Missing  Data  for,  or  Excluded  from, 
the  Gastrointestinal  Assessment 


-  . 

Group 

Dioxin 

(Ranch  Hands  Only) 

Categorized  Dioxin 

Variable 

Variable 

Use 

Ranch 

Ifond 

Coni{>arison 

Current 

Ranch 

Hand 

Comparison 

Current 

Hepatomegaly 

DEP 

0 

1 

0 

0 

0 

1 

AST 

DEP 

0 

1 

0 

0 

0 

0 

ALT 

DEP 

0 

1 

0 

0 

0 

0 

GGT 

DEP 

0 

1 

0 

0 

0 

0 

Alkaline 

Phosphatase 

DEP 

0 

1 

0 

0 

0 

0 

Total  Bilirubin 

DEP 

0 

1 

0 

0 

0 

0 

Direct  Bilirubin 

DEP 

0 

1 

0 

0 

0 

0 

LDH 

DEP 

1 

2 

0 

0 

0 

1 

Cholesterol 

DEP 

0 

1 

0 

0 

0 

0 

HDL  Cholesterol 

DEP 

14 

13 

9 

13 

13 

10 

Cholesterol-HDL 

Ratio 

DEP 

14 

13 

9 

13 

13 

10 

Triglycerides 

DEP 

0 

1 

0 

0 

0 

0 

Creatine  Kinase 

DEP 

0 

1 

0 

0 

0 

0 

Serum  Amylase 

DEP 

0 

1 

0 

0 

0 

0 

Antibodies  for 
Hepatitis  A 

DEP 

0 

1 

0 

0 

0 

0 

Serological 

Evidence  of  Prior 
Hepatitis  B 

Infection 

DEP 

0 

1 

0 

0 

0 

0 

Antibodies  for 
Hepatitis  C 

DEP 

0 

1 

0 

0 

0 

0 

Stool  Hemoccult 

DEP 

43 

55 

26 

37 

37 

39 

Prealbumin 

DEP 

0 

1 

0 

0 

0 

0 

Albumin 

DEP 

0 

1 

0 

0 

0 

0 

<x-l  Acid 
Glycoprotein 

DEP 

0 

1 

0 

0 

0 

0 

a-1  Antitrypsin 

DEP 

0 

1 

0 

0 

0 

0 

of-2  Macroglobulin 

DEP 

0 

1 

0 

0 

0 

0 

Apolipoprotein  B 

DEP 

0 

1 

0 

0 

0 

0 
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Table  13-2.  (Continued) 

Number  of  Participants  with  Missing  Data  for,  or  Excluded  from, 
the  Gastrointestinal  Assessment 


'Moxin 

Group _  (Ranch  Hands  Only)  Categorized  Dioxin 


Variable 

Variable 

Use 

Ranch 

Hand 

Companson 

Initial 

Current 

Ranch 

Hand 

Ccmiparison 

C3  Complement 

DEP 

0 

1 

0 

0 

0 

0 

C4  Complement 

DEP 

0 

1 

0 

0 

0 

0 

Haptoglobin 

DEP 

0 

1 

0 

0 

0 

0 

Transferrin 

DEP 

0 

1 

0 

0 

0 

0 

Current  Alcohol 
Use 

COV 

10 

18 

7 

9 

9 

16 

Lifetime  Alcohol 
History 

COV 

22 

21 

13 

20 

20 

18 

Current  Wine  Use 

COV 

11 

18 

7 

10 

10 

16 

Lifetime  Wine 
History 

COV 

19 

21 

11 

17 

17 

18 

Pre-SEA  Hepatitis 
(Non-A,  Non-B, 
or  Non-C) 

EXC 

8 

9 

4 

8 

8 

8 

Pre-SEA  Jaundice 
(Unspecified) 

EXC 

24 

33 

13 

24 

24 

28 

Pre-SEA  Acute 
and  Subacute 
Necrosis  of  the 
Liver 

EXC 

0 

1 

0 

0 

0 

1 

Pre-SEA  Chronic 
Liver  Disease  and 
Cirrhosis 
(Alcohol-Related) 

EXC 

1 

4 

1 

1 

1 

4 

Pre-SEA  Chronic 
Liver  Disease  and 
Cirrhosis 
(Nonalcohol- 
Related) 

EXC 

0 

1 

0 

0 

0 

1 

Pre-SEA  Other 
Liver  Disorders 

EXC 

4 

11 

1 

4 

4 

10 

Pre-SEA  History 
of  Hepatomegaly 

EXC 

1 

2 

1 

1 

1 

2 

Hepatitis  B 

Surface  Antigen 

EXC 

4 

3 

3 

4 

4 

3 
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Table  13-2.  (Continued) 

Number  of  Participants  with  Missing  Data  for,  or  Excluded  from, 
the  Gastrointestinal  Assessment 


Variable 

Variable 
:  V  Use  . 

Group 

Dioxin 

(Ranch  Hands  Only) 

Categorized  Dioxin 

Ranch 

Hand 

Comparison 

Initial 

Current 

Ranch 

Hand  Cornparison 

Presence  of 

EXC 

7 

23 

2 

4 

4  16 

Hepatitis  C 

Antibodies 

Fever 

EXC 

3 

1 

1 

3 

3  1 

Abbreviations:  DEP  =  Dependent  variable  (missing  data). 

COV  =  Covariate  (missing  data). 

EXC  =  Exclusion. 

Note:  952  Ranch  Hands  and  1,281  Comparisons; 

520  Ranch  Hands  for  initial  dioxin;  894  Ranch  Hands  for  current  dioxin; 
894  Ranch  Hands  and  1,063  Comparisons  for  categorized  dioxin. 

One  Ranch  Hand  missing  total  lipids  for  current  dioxin. 
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retained  in  the  final  statistical  models  using  dioxin  as  a  measure  of  exposure,  the  dioxin 
effect  was  evaluated  in  the  context  of  two  models.  Analyses  were  performed  with  and 
without  occupation  in  the  final  models  to  investigate  whether  conclusions  regarding  the 
association  between  the  health  endpoint  and  dioxin  differed. 

The  results  of  the  analyses  without  occupation  are  presented  in  Appendix  1-3  and  are 
only  discussed  in  the  text  if  the  level  of  significance  differs  from  the  original  final  adjusted 
model  (significant  versus  nonsignificant). 

Longitudinal  Analysis 

The  longitudinal  analyses  of  the  gastrointestinal  assessment  examined  seven  laboratory 
variables  (AST,  ALT,  GGT,  cholesterol,  HDL  cholesterol,  the  cholesterol-HDL  ratio,  and 
triglycerides).  Each  variable  was  analyzed  in  both  continuous  and  discrete  forms.  AST, 
ALT,  and  GGT  were  analyzed  longitudinally  in  previous  phases  of  the  AFHS;  the  other 
variables  were  added  to  the  1992  analyses  because  they  all  showed  significant  associations 
with  dioxin  in  the  previous  serum  dioxin  analyses.  These  longitudinal  analyses  were  used  to 
assess  any  relationship  between  dioxin  and  hepatic  changes  across  time. 

RESULTS 

Dependent  Variable-Covariate  Associations 

Covariate  tests  of  association  were  done  to  examine  the  unadjusted  relationships  between 
the  covariates  used  in  the  adjusted  analyses  and  the  dependent  variables.  Appendix  Table 
1-1-2  provides  summary  results  of  these  analyses,  including  correlation  coefficients  (r), 
percents  abnormal,  means,  and  p-values  to  test  the  statistical  significance  of  the  association. 
Statistically  significant  associations  are  discussed  below. 

Age 


For  the  historical  liver  disorder  variables,  age  exhibited  a  significant  positive  association 
with  hepatomegaly.  The  prevalence  of  hepatomegaly  was  lower  for  younger  participants  than 
for  older  participants  (1.3%  for  men  bom  in  or  after  1942  vs.  3.0%  for  men  bom  before 
1942,  p=0.010).  The  covariate  tests  of  association  did  not  find  age  to  be  significantly 
associated  with  the  other  historical  variables. 

For  the  laboratory  variables,  age  was  negatively  correlated  with  ALT  (r= -0.141, 
p<  0.001)  and  creatine  kinase  (r=-0.093,  p<  0.001)  and  positively  correlated  with  alkaline 
phosphatase  (r=0.047,  p=0.029),  LDH  (r=0.084,  p <0.001),  and  serum  amylase  (r=0.060, 
p =0.005).  Analyses  of  the  discretized  form  of  these  dependent  variables  showed  similar 
results.  Older  participants  were  more  likely  to  have  antibodies  for  hepatitis  A  than  younger 
participants  (42.0%  vs.  22.8%,  p<0.001),  probably  reflecting  the  cumulative  risk  of 
exposure  with  advancing  age. 

Age  was  significantly  correlated  with  many  of  the  protein  profile  variables,  including 
negative  correlations  with  prealbumin  (r=-0.143,  p<0.001),  albumin  (r=-0.161,  p<0.001). 
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and  transferrin  (r=-0.054,  p=0.011),  as  well  as  positive  associations  with  a-1  antitrypsin 
(r=0.152,  p<0.001),  o:-2  macroglobulin  (r=0.251,  p<0.001),  apolipoprotein  B  (r=0.047, 
p=0.027),  and  haptoglobin  (r=0.094,  p  <0.001).  Analyses  of  the  discretized  form  of  these 
dependent  variables  showed  similar  results. 

Race 


Race  was  a  significant  factor  in  the  prevalence  of  other  liver  disorders.  Black 
participants  were  much  more  likely  than  non-Black  participants  to  have  a  medical  history  of 
other  liver  disorders  (47.3%  vs.  27.6%,  p <0.001).  There  were  no  significant  racial 
differences  for  the  other  historical  variables. 

For  the  hepatic  enzymes.  Blacks  had  a  significantly  higher  mean  level  of  GGT 
(p= 0.005)  and  significantly  more  abnormal  high  LDH  levels  (p =0.040)  than  non-Blacks. 

Of  the  lipid  and  carbohydrate  indices.  Blacks  had  a  significantly  higher  mean  level  of  HDL 
cholesterol  (p<  0.001)  and  fewer  abnormal  low  values  (p =0.047)  than  non-Blacks.  Blacks 
also  had  significantly  lower  mean  levels  of  triglycerides  (p<  0.001)  and  a  lower  mean 
cholesterol-HDL  ratio  (p =0.001),  as  well  as  a  significantly  lower  prevalence  of 
abnormalities  for  both  of  these  variables. 

The  creatine  kinase  mean  was  much  higher  for  Blacks  than  for  non-Blacks  (233.07 
mg/dl  vs.  124.27  mg/dl,  p< 0.001)  as  was  the  percentage  of  abnormal  high  levels  (51.6% 
vs.  11.7%,  p  <0.001).  These  findings  also  were  noted  at  previous  examinations.  Blacks 
had  a  significantly  higher  mean  level  of  serum  amylase  (p<  0.001)  and  more  than  three  times 
as  many  abnormal  high  values  as  did  non-Blacks. 

Blacks  had  a  significantly  higher  history  of  antibodies  for  hepatitis  A  and  C  (p= 0.007 
and  p =0.039  respectively)  and  a  significantly  higher  history  of  serological  evidence  of  prior 
hepatitis  B  infection  (p<  0.001)  than  did  non-Blacks. 

Of  the  protein  profile  variables.  Blacks  had  significantly  lower  mean  levels  of  albumin, 
(p=0.019)  and  o:-2  macroglobulin  (p<0.001),  and  significantly  higher  mean  levels  of  C3 
complement  (p<  0.001)  and  C4  complement  (p<  0.001)  than  did  non-Blacks.  However,  the 
corresponding  discrete  analyses  for  these  variables  did  not  show  that  the  prevalence  of 
abnormal  levels  differed  significantly  between  Blacks  and  non-Blacks.  The  mean  level  of 
transferrin  was  significantly  lower  (p =0.003)  and  the  percentage  of  abnormal  low  levels  of 
transferrin  was  significantly  higher  (p =0.006)  for  Blacks. 

Occupation 

The  covariate  tests  of  association  did  not  show  significant  occupational  differences  for 
any  of  the  historical  variables.  By  contrast,  the  mean  levels  or  percent  abnormal  differed 
significantly  among  military  occupations  for  most  of  the  laboratory  variables.  In  many 
instances,  the  mean  levels  or  percent  abnormal  levels  differed  between  the  officer  cohort  and 
the  enlisted  cohorts,  but  in  some  cases  there  were  differences  between  the  enlisted  flyers  and 
the  enlisted  groundcrew,  as  in  the  tests  of  creatine  kinase  and  stool  hemoccult. 
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Industrial  Chemical  Exposure 

None  of  the  historical  variables  were  significantly  associated  with  industrial  chemical 
exposure.  But,  for  the  laboratory  variables,  participants  who  had  been  exposed  to  industrial 
chemicals  had  significantly  higher  mean  levels  of  the  cholesterol-HDL  ratio  (p=0.013), 
triglycerides  (p=0.035),  a-1  acid  glycoprotein  (p=0.032),  a-l  antitrypsin  (p=0.005),  C3 
complement  (p=0.002),  C4  complement  (p=0.015)  and  haptoglobin  (p=0.(H5),  and  a  lower 
mean  level  of  HDL  cholesterol  than  participants  who  had  never  been  exposed  to  industrial 
chemicals  (p=0.031).  For  each  of  those  variables,  other  than  the  cholesterol-HDL  ratio,  the 
percentages  of  abnormalities  did  not  differ  significantly  between  exposed  and  non-exposed 
individuals.  A  greater  number  of  participants  exposed  to  industrial  chemicals  also  had  high 
cholesterol  levels  (p=0.019)  and  serological  evidence  of  prior  hepatitis  B  infection 
(p =0.015)  than  non-exposed  participants. 

Degreasing  Chemical  Exposure 

The  covariate  tests  of  association  results  for  degreasing  chemical  exposure  found 
significant  results  for  many  of  the  same  variables  associated  significantly  with  industrial 
chemical  exposure.  Similar  to  the  industrial  chemical  exposure  findings,  participants  exposed 
to  degreasing  chemicals  had  significantly  higher  mean  levels  of  the  cholesterol-HDL  ratio 
(p<0.001),  triglycerides  (p=0.018),  a-1  acid  glycoprotein  (p=0.003),  a-1  antitrypsin 
(p<  0.001),  C3  complement  (p<  0.001),  and  haptoglobin  (p<  0.001),  and  a  lower  mean  HDL 
cholesterol  level  (p=0.014)  than  participants  never  exposed  to  degreasing  chemicals.  In 
addition,  relatively  more  individuals  exposed  to  degreasing  chemicals  had  high  cholesterol 
levels  (p =0.007)  and  a  history  of  serological  evidence  of  prior  hepatitis  B  infection 
(p =0.009)  than  non-exposed  individuals.  The  degreasing  chemical  exposure  results  also 
showed  that  exposed  participants  had  significantly  higher  mean  ALT  (p=0.023),  cholesterol 
(p=0.030),  apolipoprotein  B  (p=0.015),  and  transferrin  (p=0.001)  levels  than  non-exposed 
individuals. 

Current  Alcohol  Use 

The  covariate  tests  of  association  found  that  current  alcohol  consumption  correlated 
significantly  with  many  of  the  laboratory  variables.  There  were  highly  significant  positive 
correlations  with  AST,  ALT,  GGT,  total  bilirubin,  cholesterol,  and  HDL  cholesterol,  and  a 
highly  significant  negative  correlation  with  the  cholesterol-HDL  ratio  (p<  0.001  for  each 
variable).  The  chi-square  tests  of  association  also  were  significant  for  the  discrete  forms  of 
these  variables  as  well  as  for  direct  bilirubin  and  LDH  (p< 0.033  for  all  analyses).  In 
addition,  there  was  a  significant  negative  correlation  with  serum  amylase  (p=0.032). 

Of  the  protein  profile  variables,  current  alcohol  consumption  was  positively  associated 
with  prealbumin  and  a-1  acid  glycoprotein  in  both  the  continuous  and  discrete  analyses 
(p< 0.036  for  all  analyses).  There  were  also  significant  associations  with  a-1  antitrypsin 
(discrete  only,  p=0.017),  C3  complement  (continuous  only,  a  negative  correlation, 
p=0.018),  and  haptoglobin  (continuous  only,  a  positive  correlation,  p=0.007). 
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Lifetime  Alcohol  History 

The  covariate  tests  of  association  results  for  lifetime  alcohol  history  revealed  expected 
significant  positive  relationships  with  alcohol-related  chronic  liver  disease  and  cirrhosis 
(p<  0.001),  hepatomegaly  (p<  0.001),  and  the  category  of  other  liver  disorders  (p=0.003). 
In  addition,  the  results  for  many  of  the  laboratory  variables  also  were  significant,  although 
some  of  these  findings  may  be  attributed  to  the  interrelationship  between  lifetime  alcohol 
history  and  current  alcohol  use.  Significant  positive  associations  were  noted  for  AST,  GGT, 
and  HDL  (p< 0.002  for  all  analyses),  whereas  significant  decreasing  associations  were  noted 
for  the  cholesterol-HDL  ratio  (p<0.001)  and  creatine  kinase  (p=0.008). 

Participants  with  0  drink-years  had  a  higher  history  rate  of  antibodies  for  hepatitis  A 
(41.0%)  than  participants  with  greater  than  0  but  less  than  40  drink-years  (32.1  %)  and  those 
with  greater  than  40  drink-years  (35.8%)  (p=0.046).  By  contrast,  0  drink-year  participants 
had  the  lowest  rate  of  serological  evidence  of  prior  hepatitis  B  infection  (11.2%)  compared 
with  the  other  lifetime  alcohol  history  categories  (12.4%  for  >0-40  drink-years,  and  16.7% 
for  >40  drink-years)  (p=0.030).  The  history  of  antibodies  for  hepatitis  C  was  not 
significantly  associated  with  lifetime  alcohol  history. 

There  were  several  significant  associations  with  the  protein  profile  variables,  including 
positive  correlations  with  a-1  acid  glycoprotein,  a-1  antitrypsin,  ot-2  macroglobulin,  and 
haptoglobin  (p <0.004  for  all  analyses).  In  addition,  the  percentage  of  abnormal  low 
prealbumin  levels  increased  with  the  number  of  drink-years  (p= 0.005). 

Current  Wine  Use 

Current  wine  use  was  used  as  an  adjusting  covariate  instead  of  current  alcohol  use  for 
alkaline  phosphatase  and  a-1  antitrypsin  because  the  covariate  tests  of  association  found 
significant  decreasing  associations  (p <0.005  for  all  analyses),  whereas  the  results  for  current 
alcohol  use  were  not  significant.  The  alkaline  phosphatase  relationship  was  noted  at  previous 
examination  cycles;  a-l  antitrypsin  had  not  been  analyzed  before. 

Lifetime  Wine  History 

Lifetime  wine  history  was  used  as  an  adjusting  covariate  instead  of  lifetime  alcohol 
history  for  alkaline  phosphatase  for  the  same  reason  current  wine  use  was  substituted  for 
current  alcohol  use;  the  covariate  tests  of  association  found  a  significant  decreasing 
association  (p =0.043),  whereas  the  results  for  lifetime  alcohol  history  were  not  significant. 

Exposure  Analysis 

The  following  section  presents  the  results  of  the  statistical  analyses  of  the  dependent 
variables  shown  in  Table  13-1.  Dependent  variables  are  grouped  into  three  sections:  those 
derived  and  verified  from  a  review  of  medical  records,  one  variable  obtained  during  the  1992 
physical  examination,  and  data  derived  from  the  laboratory  portion  of  the  1992  followup 
examination. 
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Unadjusted  and  adjusted  analyses  of  six  models  are  presented  for  each  variable.  Model 
1  examines  the  relationship  between  the  dependent  variable  and  group  (Ranch  Hand  or 
Comparison).  Model  2  explores  the  relationship  between  the  dependent  variable  and  an 
extrapolated  initial  dioxin  measure  for  Ranch  Hands  who  had  a  1987  dioxin  measurement 
greater  than  10  ppt.  If  a  participant  did  not  have  a  1987  dioxin  level,  a  1992  level  was  used. 
A  statistical  adjustment  for  the  percent  of  body  fat  at  the  participant’s  time  of  duty  in  SEA 
and  the  change  in  the  percent  of  body  fat  from  the  time  of  duty  in  SEA  to  the  date  of  the 
blood  draw  for  dioxin  is  included  in  this  model  to  account  for  body-fat-related  differences  in 
elimination  rate  (69).  Model  3  dichotomizes  the  Ranch  Hands  in  Model  2  based  on  their 
initial  dioxin  measures;  these  two  categories  of  Ranch  Hands  are  referred  to  as  the  “low 
Ranch  Hand”  category  and  the  “high  Ranch  Hand”  category.  These  participants  are  added 
to  Ranch  Hands  and  Comparisons  with  current  serum  dioxin  levels  (1987,  if  available;  1992, 
if  the  1987  level  was  not  available)  at  or  below  10  ppt  to  create  a  total  of  four  categories. 
Ranch  Hands  with  current  serum  dioxin  levels  at  or  below  10  ppt  are  referred  to  as  the 
“background  Ranch  Hand”  category.  The  relationship  between  the  dependent  variable  in 
each  of  the  three  Ranch  Hand  categories  and  the  dependent  variable  in  the  “Comparison” 
category  is  examined.  A  fourth  contrast,  exploring  the  relationship  of  the  dependent  variable 
in  the  low  Ranch  Hand  category  and  the  high  Ranch  Hand  category  combined,  also  is 
conducted.  This  combination  is  referred  to  in  the  text  and  tables  as  the  “low  plus  high 
Ranch  Hand”  category.  As  in  Model  2,  a  statistical  adjustment  is  made  for  the  percent  of 
body  fat  at  the  participant’s  time  of  duty  in  SEA  and  the  change  in  the  percent  of  body  fat 
from  the  time  of  duty  in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 

Models  4,  5,  and  6  examine  the  relationship  between  the  dependent  variable  and  1987 
dioxin  levels  in  all  Ranch  Hands  with  a  dioxin  measurement.  If  a  participant  did  not  have  a 
1987  dioxin  measurement,  a  1992  measurement  was  utilized  in  determining  the  current 
dioxin  level.  The  measure  of  dioxin  in  Model  4  is  lipid-adjusted,  whereas  whole- weight 
dioxin  is  used  in  Models  5  and  6.  Model  6  differs  from  Model  5  in  that  a  statistical 
adjustment  for  total  lipids  is  included  in  Model  6.  Details  on  dioxin  and  the  modeling 
strategy  are  found  in  Chapters  2  and  7  respectively. 

The  statistical  significance  of  the  results  in  Models  4,  5,  and  6  may  differ  for 
cholesterol  and  other  lipid  variables  because  of  the  lipid-adjustment  applied  in  Models  4  and 
6.  The  whole- weight  dioxin  measure  analyzed  in  Model  5  may  be  associated  with  the  lipid 
variables  because  dioxin  is  lipophilic  and  correlates  positively  with  lipid  measures.  The 
lipid-adjusted  current  dioxin  level  analyzed  in  Model  4  accounts  for  the  correlation,  which 
may  result  in  less  significant  associations  between  TCDD  and  the  lipid  variables.  The  Model 
6  analysis  forces  total  lipids  into  the  model  as  an  adjusting  covariate  that  often  is  highly 
associated  with  the  lipid  variables.  The  forced  inclusion  of  total  lipids  into  the  model  results 
in  a  higher  R-squared  and  may  cause  the  association  between  whole-weight  TCDD  and  lipid 
variables  to  become  nonsignificant. 

Results  of  the  investigation  for  group-by-covariate  and  dioxin-by-covariate  interactions 
are  referenced  in  the  text,  and  tabular  results  are  presented  in  Appendix  1-2.  As  described 
previously,  additional  analyses  were  performed  when  occupation  was  retained  in  the  final 
model  for  Models  2  through  6,  Results  excluding  occupation  from  these  models  are  tabled  in 
Appendix  1-3,  and  dioxin-by-co variate  interactions  with  occupation  excluded  from  these 
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models  are  presented  in  Appendix  1-4.  Results  from  analyses  excluding  occupation  are 
discussed  in  the  text  only  if  a  meaningful  change  occurred  (that  is,  changes  between 
significant  results,  marginally  significant  results,  and  nonsignificant  results). 

Verified  Medical  Records  Variables 

Hepatitis  (Non-A,  Non-B,  and  Non-C) 

The  unadjusted  and  adjusted  Model  1  analyses  of  hepatitis  did  not  find  a  significant 
difference  between  Ranch  Hands  and  Comparisons  (Table  13-3(a,b):  p>0.49  for  all 
contrasts).  The  adjusted  model  contained  two  covariate-by-covariate  interactions:  industrial 
chemical  exposure-by-degreasing  chemical  exposure  and  age-by-industrial  chemical  exposure. 

Similarly,  the  analyses  of  Models  2  and  3  did  not  show  hepatitis  to  be  significantly 
associated  with  initial  dioxin  or  categorized  dioxin  (Tables  13-3(c-f):  p>0.56  for  all 
analyses).  The  adjusted  analyses  for  both  Models  2  and  3  included  the  covariates  age, 
degreasing  chemical  exposure,  and  industrial  chemical  exposure. 

For  Models  4  through  6,  the  unadjusted  and  adjusted  analyses  did  not  reveal  a 
significant  association  between  hepatitis  and  current  dioxin  (Tables  13-3(g,h):  p>0.32  for  all 
analyses).  Each  of  the  adjusted  analyses  for  Models  4  through  6  contained  the  covariates  age 
and  industrial  chemical  exposure. 

Jaundice  (Unspecified) 

In  the  unadjusted  Model  1  analysis.  Ranch  Hands  and  Comparisons  were  not 
significantly  different  in  the  historical  occurrence  of  jaundice  (Table  13-4(a):  p=0.123). 
However,  stratifying  the  unadjusted  analysis  by  occupation  revealed  a  marginally  significant 
group  difference  within  the  enlisted  groundcrew  strarnm  (Table  13-4(a):  p =0.099,  Est. 
RR=0.36,  95%  C.I.  =[0.12,  1.09]).  For  the  enlisted  groundcrew,  2.7  percent  of 
Comparisons  had  a  history  of  jaundice  while  only  1 .0  percent  of  the  Ranch  Hands  had  a 
history  of  jaundice. 

Group-by-race  was  a  significant  interaction  in  the  adjusted  analysis  of  Model  1  (Table 
13-4(b):  p=0.032).  The  adjusted  analysis  also  contained  degreasing  chemical  exposure  and 
the  occupation-by-age  interaction.  Appendix  Table  1-2-1  presents  results  stratified  by  race. 
After  removing  the  group-by-race  interaction,  the  adjusted  analysis  detected  a  marginally 
significant  difference  between  Ranch  Hands  and  Comparisons  (Table  13-4(b):  p =0.100,  Adj. 
RR=0.62,  95%  C.I.  =[0.35,  1.11]).  A  lower  percentage  of  Ranch  Hands  than  Comparisons 
had  a  history  of  jaundice  (1.8%  vs.  3.0%).  The  relative  risk  within  the  enlisted  groundcrew 
stratum  remained  marginally  significant  in  the  adjusted  analysis  (Table  13-4(b):  p=0.068, 
Adj.  RR=0.36,  95%  C.I.  =  [0.12,  1.08]). 


The  unadjusted  and  adjusted  Model  2  analyses  did  not  reveal  a  significant  relationship 
between  jaundice  and  initial  dioxin  (Table  13-4(c,d):  p>0.37  for  both  analyses).  Age  was 
the  only  significant  covariate  in  the  adjusted  model. 
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Table  13-3. 

Analysis  of  Hepatitis  (Non-A,  Non-B,  and  Non-C) 


a)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS  —  UNADJUSTED 


Occupational  Category 

Group 

n 

Percent 

Yes 

Est.  Relative  Risk 
(95%C.I.) 

p-Value 

All 

Ranch  Hand 

944 

1.7 

1.03  (0.53,1.98) 

0.999 

Comparison 

1,272 

1.7 

Officer 

Ranch  Hand 

363 

1.1 

1.09  (0.29,4.10) 

0.999 

Comparison 

495 

1.0 

Enlisted  Flyer 

Ranch  Hand 

162 

3.1 

2.12  (0.50,9.02) 

0.495 

Comparison 

203 

1.5 

Enlisted  Groundcrew 

Ranch  Hand 

419 

1.7 

0.73  (0.29,1.85) 

0.668 

Comparison 

574 

2.3 

b)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS  —  ADJUSTED 


Occupational  Category 

Adj.  Relative  Risk 
(95%  C.L) 

p-Value 

Covariate  Remarks^ 

All 

1.05  (0.55,2.03) 

0.878 

IC*DC(p=0.011) 

Officer 

1.11  (0.29,4.18) 

0.879 

AGE*IC  (p=0.018) 

Enlisted  Flyer 

2.03  (0.48,8.58) 

0.334 

Enlisted  Groundcrew 

0.78(0.31,1.97) 

0.593 

^  Covariates  and  associated  p-values  correspond  to  final  model  based  on  all  participants  with  available  data. 
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Table  13-3.  (Continued) 

Analysis  of  Hepatitis  (Non-A,  Non-B,  and  Non-C) 


c)  MODEL  2:  RANCH  HAfTOS  ^  INltlAL  DIOION  -  UNADJUSTED 


Initial  Dioxin  Category  Summary  Statistics 

Percent 


Aiialysis  R^lts  for  Logj  Dioxiii)* 

Estimated  Relative  Risk 


Initial  Dioxin 

n 

Yes 

(95%  C.!.)** 

p-Value 

Low 

172 

1.7 

1.11  (0.67,1.83) 

0.693 

Medium 

172 

1.7 

High 

172 

1.7 

d)  MODEL  2: 

RANCH  HANDS  — 

INITIAL  DIOXIN  —  ADJUSTED 

Analysis  Results  for  Log2  (Initial  Dioxin)^ 
Adj.  Rdative  Risk  (95%  C.L)^ _ p-Value 


Covariate  Remarks 


516 


1.02(0.59,1.75) 


0.944 


AGE  (p=0.964) 
DC  (p =0.069) 
IC  (p  =0.021) 


®  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 


Relative  risk  for  a  twofold  increase  in  initial  dioxin. 

Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  "Covariate  Remarks"  column. 

Note:  Low  =  39-98  ppt;  Medium  =  >98-232  ppt;  High  =  >232  ppt. 
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Table  13-3.  (Continued) 

Analysis  of  Hepatitis  (Non-A,  Non-B,  and  Non-C) 


e)  Model  3:  ranch  hands  and  comparisons  by  dioxin  category  - 

-  UNADJUSTED 

Dioxin  Gategoiy 

n 

Percent 

Yes 

£st.  Relative  Risk 
(95%C.L)=^  : 

p-Yalue 

Comparison 

1,055 

1.7 

Background  RH 

370 

1.6 

0.98  (0.38,2.52) 

0.973 

LowRH 

258 

1.9 

1.10  (0.40,2.99) 

0.856 

High  RH 

258 

1.6 

0.89  (0.30,2.65) 

0.828 

Low  plus  High  RH 

516 

1.7 

0.99  (0.44,2.23) 

0.985 

1)  MODEL  3;  RANCH  HANDS  AND  COMPARISONS  BY  DIOJON  CATEGORY  —  ADJUSTED 


Dioxin  Category 

n 

Adj.  Relative  Risk 
■  '  (95%  C.L)^ '  ■  ^ 

p^Valiie 

Goyariate  Remarks 

Comparison 

1,055 

AGE  (p =0.224) 

IC  (p=0.077) 

Background  RH 

370 

1.22(0.47,3.16) 

0.689 

DC  (p=0.111) 

Low  RH 

258 

1.18  (0.43,3.23) 

0.753 

High  RH 

258 

0.72  (0.24,2.19) 

0.567 

Low  plus  High  RH 

516 

0.92  (0.41,2.08) 

0.848 

^  Relative  risk  and  confidence  interval  relative  to  Comparisons. 

^  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 

^  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  "Covariate  Remarks"  column. 

Note:  RH  =  Ranch  Hand. 

Comparison:  Current  Dioxin  <  10  ppt. 

Packground  (Ranch  Hand):  Current  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  Current  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  143  ppt. 

High  (Ranch  Hand):  Current  Dioxin  >  10  ppt.  Initial  Dioxin  >  143  ppt. 
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Table  13-3.  (Continued) 

Analysis  of  Hepatitis  (Non-A,  Non-B,  and  Non-C) 


g)  MODELS  4,  5,  AND  6:  RANCH  HANDS  —  CURRENT  DIOXIN  —  UNADJUSTED 


-  - 

Current  Dioxin  Cat^ory 
Percent  Yes/(n) 

Analysis  Results  for  Log2 
(Cmrent  Dioxin  -i-  1) 

Model® 

Low 

Medium 

High 

Est.  Relative  Risk 
(95%  C.!.)” 

p-Value 

4 

1.7 

(293) 

1.7 

(296) 

1.7 

(297) 

1.00  (0.71,1.42) 

0.991 

5 

1.7 

(297) 

1.7 

(294) 

1.7 

(295) 

0.92  (0.69,1.25) 

0.608 

6" 

1.7 

(296) 

1.7 

(294) 

1.7 

(295) 

1.00  (0.72,1.39) 

0.988 

h)  MODELS  4,  5,  AND  6:  RANCH  HANDS  -  CURRENT  DIOXIN  -  ADJUSTED 


Model® 

n 

.^aiysis  Results  for  lAtg2  (Cun-ent  Dioxin  +  1) 

Adj.  Relative  Risk 

(95%  CJ.)*’  p-Value  Covariate  Remarks 

4 

886 

0.91  (0.64,1.30) 

0.602 

AGE  (p  =0.740) 

IC  (p =0.002) 

5 

886 

0.86  (0.65,1.15) 

0.321 

AGE  (p =0.713) 

IC  (p =0.002) 

6'^ 

885 

0.93  (0.67,1.27) 

0.638 

AGE  (p =0.857) 

IC  (p=0.002) 

®  Model  4:  Log2  (lipid-adjusted  current  dioxin  -(-1). 

Model  5;  Log2  (whole-weight  current  dioxin  -1-1). 

Model  6:  Log2  (whole-weight  current  dioxin  +  1),  adjusted  for  log2  total  lipids. 

Relative  risk  for  a  twofold  increase  in  current  dioxin. 

Adjusted  for  log2  total  lipids. 

**  Adjusted  for  log2  total  lipids  in  addition  to  covariates  specified  under  "Covariate  Remarks’  column. 

Note:  Model  4;  Low  =  <  8.1  ppt;  Medium  =  >8.1-20.5  ppt;  High  =  >20.5  ppt. 

Models  5  and  6:  Low  =  <  46  ppq;  Medium  =  >46-128  ppq;  High  =  >128  ppq. 
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Table  13-4. 
Analysis  of  Jaundice 


a)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS  -  UNADJUSTED 


Percent  Est.  Relative  Risk 

Occupational  Category  Group  n  Yes  (95%  C.I.)  p-Value 


All 

Ranch  Hand 

928 

1.8 

0.61  (0.34,1.09) 

0.123 

Comparison 

1,248 

3.0 

Officer 

Ranch  Hand 

355 

2.5 

0.61  (0.27,1.35) 

0.294 

Comparison 

486 

4.1 

Enlisted  Flyer 

Ranch  Hand 

160 

2.5 

2.49  (0.45,13.76) 

0.506 

Comparison 

196 

1.0 

Enlisted  Groundcrew 

Ranch  Hand 

413 

1.0 

0.36(0.12,1.09) 

0.099 

Comparison 

566 

2.7 

b)  MODEL  ! 

:  RANCH  HANDS  VS. 

CIOMPMHSONS  -  ADJUSTED 

Adj.  Relative  Risk 

Occupational  Category 

(95%  C.I.) 

:  p- Value 

Covsuiate  Remarks^ 

All 

0.62  (0.35,1.11)** 

0.100** 

GROUP*RACE  (p  =0.032) 

Officer 

0.64  (0.29,1.42)** 

0.269** 

DC  (p<  0.093) 
OCC*AGE  (p=0.025) 

Enlisted  Flyer 

2.34  (0.41,13.39)** 

0.341** 

Enlisted  Groundcrew 

0.36  (0.12,1.08)** 

0.068** 

®  Covariates  and  associated  p-values  correspond  to  final  model  based  on  all  participants  with  available  data. 

**  Group-by-covariate  interactioit  (0.01  <p<0.05);  adjusted  relative  risk,  confidence  interval,  and  p-value 
derived  from  a  model  fitted  after  deletion  of  this  interaction;  refer  to  Appendix  Table  1-2-1  for  further 
analysis  of  this  interaction. 
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Table  13-4.  (Continued) 
Analysis  of  Jaundice 


c)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  -  UNADJUSTED 


Initial  Dioxin  Category  Summary  Statistics 

Percent 


Initial  Dioxin 

n 

Yes 

Low 

168 

0.6 

Medium 

171 

0.6 

High 

168 

0.6 

Analysis  Results  for  Logj  initial  Dioxin)^ 

:i-p-value;'' 


Estimated  Relative  Risk 
(95%  C.I.)'» 


1.15  (0.52,2.53) 


0.739 


d)  MODEL  2;  RANCH  HANDS  —  INITIAL  DIOXIN  -  ADJUSTED 
Analysis  Results  for  Log2  (Initial  Dioxin)'^  ;  ^ 

n  Ajjl- Relative  Risk  (95%  C.I.)*’ _ p-Value 

507 _ 1.47  (0.66,3.31) _ 0-372 _ AGE  (p=0.033) _ 

®  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 

**  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 

Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  "Covariate  Remarks"  column. 

Note:  Low  =  39-98  ppt;  Medium  =  >98-232  ppt;  High  =  >232  ppt. 
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Table  13-4.  (Continued) 
Analysis  of  Jaundice 


^  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY 

—  UNADJUSTED 

Dioxin  Category 

n 

Percent 

Yes 

£st.  Rdatire  Risk 
(95%  C.I.)* 

p-Value 

Comparison 

1,035 

2.8 

Background  RH 

363 

3.6 

1.36  (0.69,2.67) 

0.376 

LowRH 

253 

0.4 

0.14  (0.02,1.01) 

0.052 

HighRH 

254 

0.8 

0.26  (0.06,1.09) 

0.066 

Low  plus  High  RH 

507 

0.6 

0.20  (0.06,0.66) 

0.008 

0  MODEL  3: 

RANCH  HANDS  AND  COMPARISONS  BY  DIOJON  C^  —  AMUSTTED 

Dioxin  Gategoiy 

n 

AdJ.  Rdative  Risk 
(95%  C.I.)“= 

p-Value 

Covariate  Remarks 

Comparison 

1,035 

DC  (p=0.051) 

OCC*AGE  (p =0.015) 

Background  RH 

363 

1.28  (0.63,2.57) 

0.496 

Low  RH 

253 

0.13  (0.02,0.97) 

0.046 

HighRH 

254 

0.30  (0.07,1.31) 

0.109 

Low  plus  High  RH 

507 

0.21  (0.06,0.70) 

0.011 

^  Relative  risk  and  confidence  interval  relative  to  Comparisons. 

^  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 

^  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  "Covariate  Remarks"  colunm. 

Note:  RH  =  Ranch  Hand. 

Comparison:  Current  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  Current  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  Current  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  143  ppt. 

High  (Ranch  Hand):  Current  Dioxin  >  10  ppt,  Initial  Dioxin  >  143  ppt. 
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Table  13-4.  (Continued) 
Analysis  of  Jaundice 


g)  MODELS  4,  5,  AND  6:  RANCH  HANDS  -  CURRENT  DIOXIN  -  UNADJUSTED 


ModeE 

Current  Dioxin  Cat^ory 

Percent  Yes/(n) 

Low  Medium  High 

Analysis  Results  for  Log2 
(Currrait  Dioxin  +  1) 

Est.  Relative  Risk 

(95%  C.!.)**  p-Value 

4 

3.5 

1.4 

0.7 

0.50  (0.34,0.74) 

<0.001 

(287) 

(290) 

(293) 

5 

3.1 

1.8 

0.7 

0.62  (0.49,0.79) 

<0.001 

(294) 

(285) 

(291) 

6= 

3.1 

1.8 

0.7 

0.59  (0.46,0.77) 

<0.001 

(293) 

(285) 

(291) 

h)  MODELS  4,  5,  AND  6:  RANCH  HANDS  -  CURRENT  DIOXIN  —  ADJUSTED 


Analysis  Results  for  Logj  (Current  IHoxin  +  1)  ^ , 

ModeE 

n 

Adj.  Relative  Risk 
(95%  C.L)*’ 

p-Value 

Covariate  Remarks 

4 

870 

0.48  (0.32,0.74) 

<0.001 

AGE  (p  =0.058) 

DC  (p =0.1 17) 

1C  (p =0.133) 

5 

870 

0.61  (0.47,0.79) 

<0.001 

AGE  (p =0.053) 

DC  (p =0.128) 

IC  (p=0.121) 

6“* 

869 

0.59  (0.44,0.77) 

<0.001 

AGE  (p =0.056) 

DC  (p=0.120) 

IC(p =0.140) 

®  Model  4:  Log2  (lipid-adjusted  current  dioxin  -I-  1). 

Model  5:  Log2  (whole-weight  current  dioxin  -f  1). 

Model  6:  Log2  (whole-weight  current  dioxin  +  1),  adjusted  for  log2  total  lipids. 

**  Relative  risk  for  a  twofold  increase  in  current  dioxin. 

®  Adjusted  for  log2  total  lipids. 

Adjusted  for  log2  total  lipids  in  addition  to  covariates  specified  under  "Covariate  Remarks"  column. 

Note:  Model  4:  Low  =  <  8.1  ppt;  Medium  =  >8.1-20.5  ppt;  High  =  >20.5  ppt. 

Models  5  and  6:  Low  =  <  46  ppq;  Medium  =  >46-128  ppq;  High  =  >128  ppq. 
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The  unadjusted  categorized  dioxin  analysis  (Model  3)  revealed  a  significant  difference  in 
the  history  of  jaundice  between  low  plus  high  Ranch  Hands  and  the  Comparison  group 
(Table  13-4(e):  p=0.008,  Est.  RR=0.20,  95%  C.I.  =  [0.06,  0.66]).  The  unadjusted  relative 
risks  were  marginally  significant  for  low  Ranch  Hand  and  high  Ranch  Hand  categories 
(Table  13-4(e):  p=0.052,  Est.  RR=0.14,  95%  C.I.  =  [0.02,  1.01],  p=0.066,  Est.  RR=0.26, 
95%  C. I.  =  [0.06,  1.09]  respectively).  The  percentages  of  participants  who  experienced 
jaundice  in  the  Comparison,  low  Ranch  Hand,  high  Ranch  Hand,  and  low  plus  high  Ranch 
Hand  categories  were  2.8,  0.4,  0.8,  and  0.6  percent  respectively. 

After  adjusting  for  degreasing  chemical  exposure  and  the  occupation-by-age  interaction, 
the  relative  risk  for  the  low  plus  high  Ranch  Hand  category  remained  significant  (Table 
13-4(f):  p=0.011,  Adj.  RR=0.21,  95%  C.I.=[0.06,  0.70]).  After  these  same  adjustments, 
the  relative  risk  for  the  low  Ranch  Hand  category  became  significant  (Table  13-4(0: 
p=0.046,  Adj.  RR=0.13,  95%  C.I.  =  [0.02,  0.97])  and  the  relative  risk  for  the  high  Ranch 
Hand  category  became  nonsignificant  (Table  13-4(f):  p=0.109). 

After  removing  occupation  from  the  adjusted  model,  the  relative  risk  for  the  high  Ranch 
Hand  category  became  marginally  significant  (Appendix  Table  1-3-1:  p=0.078,  Adj. 
RR=0.27,  95%  C.I.  =  [0:06,  1.16]). 


As  shown  in  Table  13-4(g),  each  of  the  unadjusted  analyses  for  Models  4  through  6 
displayed  a  highly  significant  inverse  association  between  jaundice  and  current  dioxin 
(p<0.001,  Est.  RR=0.50,  95%  C.I=[0.34,  0.74],  p<0.001;  Est.  RR=0.62,  95% 

C.I.  =  [0.49,  0.79];  and  p<0.001,  Est.  RR=0.59,  95%  C.I.  =  [0.46,  0.77]  for  Models  4,  5, 
and  6  respectively). 

Each  of  the  adjusted  analyses  for  Models  4  through  6  included  age,  degreasing  chemical 
exposure,  and  industrial  chemical  exposure.  Similar  to  the  unadjusted  analyses,  the  adjusted 
analyses  for  Models  4  through  6  detected  a  significant  inverse  relationship  between  jaundice 
and  current  dioxin  (Table  13-4(h):  p<0.001,  Adj.  RR=0.48,  95%  C.I.=[0.32,  0.74]; 
p<0.001,  Adj.  RR=0.61,  95%  C.I.  =  [0.47,  0.79];  andp<0.001,  Adj.  RR=0.59,  95% 

C. I.  =  [0.44,  0.77]  respectively). 

Acute  and  Subacute  Necrosis  of  the  Liver 

Due  to  sparse  data  (one  Comparison  and  no  Ranch  Hands),  analyses  were  not  conducted 
on  acute  and  subacute  necrosis  of  the  liver.  Table  13-5  displays  sample  sizes  and  frequencies 
for  each  model. 

Alcoholic  Chronic  Liver  Disease  and  Cirrhosis 

The  unadjusted  and  adjusted  Model  1  analyses  did  not  find  a  significant  group 
difference  in  the  analysis  of  alcoholic  chronic  liver  disease  and  cirrhosis  (Table  13-6(a,b): 
p>0.20  for  all  contrasts).  The  adjusted  analysis  contained  the  covariates  age  and  race,  and 
the  occupation-by-lifetime  alcohol  history  interaction. 
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Table  13-5. 

Acute  and  Subacute  Necrosis  of  the  Liver 


a)  MODEL  1:  R#JCH  HAl^  VS. 

COMPARISONS 

Occupational 

Percent 

Category 

Group 

n 

Yes 

All 

Ranch  Hand 

952 

0.0 

Comparison 

1,280 

0.1 

Officer 

Ranch  Hand 

367 

0.0 

Comparison 

501 

0.2 

Enlisted  Flyer 

Ranch  Hand 

162 

0.0 

Comparison 

203 

0.0 

Enlisted  Groundcrew 

Ranch  Hand 

423 

0.0 

Comparison 

576 

0.0 

b)  MODEL  2:  RANCH  HA?®S  ^  INITIAL  MO^ 

Initial  Dioxin 

Initial  Dioxin  Category  Summary  Statistics  ^  ^ 

n 

Percent  Yes 

Low 

174 

0.0 

Medium 

173 

0.0 

High 

173 

0.0 

Note:  Low  =  39-98  ppt;  Medium  =  >98-232  ppt;  High  =  >232  ppt. 


Table  13-5.  (Continued) 

Acute  and  Subacute  Necrosis  of  the  Liver 


c)  MODEL  3: 

RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY 

Percent 

Dioxin  Cattery 

n 

Yes 

Comparison 

1,062 

0.0 

Background  RH 

374 

0.0 

Low  RH 

260 

0.0 

HighRH 

260 

0.0 

Low  plus  High  RH 

520 

0.0 

d)  MODELS  4,  5,  AND  6: 

RANCH  ILWDS  -  CURRENT  DIOXIN 

Cuirent  Dioxin  Gat^oiy 

Percent  Yes/(h) 

ModeP 

Low 

■  ^  :'Mediuni  ’  ^ 

High 

4 

0.0 

0.0 

0.0 

(295) 

(300) 

(299) 

5 

0.0 

0.0 

0.0 

(300) 

(297) 

(297) 

6 

0.0 

0.0 

0.0 

(299) 

(297) 

(297) 

^  Model  4:  Log2  lipid-adjusted  (current  dioxin  +  1). 

Model  5:  Log2  whole-weight  (current  dioxin  +1). 

Model  6:  Log2  whole-weight  (current  dioxin  +  1),  adjusted  for  log2  total  lipids. 

Note:  RH  =  Ranch  Hands, 

Comparison:  Current  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  Current  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  Current  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  143  ppt. 
High  (Ranch  Hand):  Current  Dioxin  >  10  ppt.  Initial  Dioxin  >  143  ppt. 

Model  4  -  Low  =  <  8.1  ppt;  Medium  =  >8.1-20.5  ppt;  High  =  >20.5  ppt. 
Models  5  and  6  -  Low  =  <  46  ppq;  Medium  =  >46-128  ppq;  High  =  >  128  ppq. 
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Table  13-6. 

Analysis  of  Alcoholic  Chronic  Liver  Disease  and  Cirrhosis 


a)  MODEL  l:  RA1«:H  HAN^ 

COMPARISONS 

-  UNADJUSTED 

Occupational  Categoty 

Group 

n 

Percent 

■  ■'":YeS 

Est.  Relative  Risk 
(95%  C.I.) 

p-Vaiue 

All 

Ranch  Hand 

888 

5.4 

1.00  (0.68,1.47) 

0.999 

Comparison 

1,206 

5.4 

Officer 

Ranch  Hand 

353 

5.7 

1.53  (0.80,2.93) 

0.265 

Comparison 

476 

3.8 

Enlisted  Flyer 

Ranch  Hand 

147 

6.1 

0.97  (0.40,2.37) 

0.999 

Comparison 

191 

6.3 

Enlisted  Groundcrew 

Ranch  Hand 

388 

4.9 

0.74  (0.42,1.32) 

0.378 

Comparison 

539 

6.5 

b)  MODEL  ! 

:  RANCH  HANDS  VS. 

COMPARISONS  -  ADJUSTED 

Occupational  Cat^ory 

Adj.  Relative  Risk 
(95%  C.L) 

p-Value 

Covariate  Remarks® 

All 

0.93  (0.62,1.40) 

0.733 

RACE  (p  =0.103) 

Officer 

1.46  (0.73,2.92) 

0.283 

AGE  (p =0.373) 
OCC*DRKYR  (p=0.002) 

Enlisted  Flyer 

0.92  (0.36,2.40) 

0.871 

Enlisted  Groundcrew 

0.68  (0.37,1.23) 

0.202 

“  Covariates  and  associated  p-values  correspond  to  final  model  based  on  all  participants  with  available  data. 
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Table  13-6.  (Continued) 

Analysis  of  Alcoholic  Chronic  Liver  Disease  and  Cirrhosis 


c)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  LN^HHUSTED 


Initial  Dioxin  Category  Summary  Statistics 

Analysis  Residts  for  Logj  (Initial  Dioxin)^ 

biitial  Dioxin 

n 

Percent 

Yes 

Estimated  Relative  Risk 
(95%C.I.)‘> 

p-Value 

Low 

164 

6.1 

1.05  (0.79,1.39) 

0.759 

Medium 

160 

5.0 

High 

156 

6.4 

d)  MODEL  2:  RANCH  HiJSfDS 

ADJUSTHED^^^^^^^ 

n 

Analysis  Results  for  Log^  (Initial  Dioxin)*^ 
Adj  .  Relative  Risk  (95 %  C.!.)**  p-Valne 

Covariate  Remarks 

467 

1.02  (0.74,1.39)**  0.915** 

INIT*RACE  (p =0.004) 

AGE  (p=0.228) 

DRKYR  (p <0.001) 

®  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  ^e  of  the  blood  draw  for  dioxin. 

*’  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 

'  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  "Covariate  Remarks"  column. 

**  Log2  (initial  dioxinj-by-covariate  interaction  (p^O.05);  adjusted  relative  risk,  confidence  interval,  and 
p-value  derived  from  a  model  fitted  after  deletion  of  this  interaction;  refer  to  Appendix  Table  1-2-2  for 
further  analysis  of  this  interaction. 

Note:  Low  =  39-98  ppt;  Medium  =  >98-232  ppt;  High  =  >232  ppt. 

INIT  =  Log2  (initial  dioxin). 
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Table  13-6.  (Continued) 

Analysis  of  Alcholic  Chronic  Liver  Disease  and  Cirrhosis 


e)  MODEL  3:  RANCH  HANDS  ^ 

Unadjusted 

Dioxin  Gat^ory 

.  :^n"  ■ 

Percent 

Yes 

Est.  Relative  Risk 
(95%  C.L)**  " 

p-Valu€ 

Comparison 

1,005 

6.0 

Background  RH 

354 

5.4 

0.94  (0.55,1.61) 

0.821 

Low  RH 

245 

5.7 

0.91  (0.50,1.67) 

0.767 

High  RH 

235 

6.0 

0.96  (0.52,1.75) 

0.887 

Low  plus  High  RH 

480 

5.8 

0.93  (0.59,1.49) 

0.776 

f)  MODEL  3: 

RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  -  ADJUSTED 

Dioxin  Category 

Adj .  Relative  Risk 

p-Value 

Covariate  Remarks 

Comparison 

987 

DXCAT*RACE  (p =0.028) 
OCC*DRKYR  (p =0.002) 

Background  RH 

347 

0.98  (0.54,1.77)** 

0.951** 

AGE*DRKYR  (p  =0.026) 

LowRH 

239 

0.86  (0.45,1.64)** 

0.649** 

High  RH 

228 

0.84  (0.43,1.61)** 

0.593** 

Low  plus  High  RH 

467 

0.85  (0.52,1.39)** 

0.517** 

®  Relative  risk  and  confidence  interval  relative  to  Comparisons. 

*’  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 

Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  "Covariate  Remarks"  column. 

**  Categorized  dioxin-by-covariate  interaction  (0.01  <p:£0.05);  adjusted  relative  risk,  confidence  interval,  and 
p-value  derived  from  a  model  fitted  after  deletion  of  this  interaction;  refer  to  Appendix  Table  1-2-2  for 
further  analysis  of  this  interaction. 

Note:  RH  =  Ranch  Hand. 

Comparison:  Current  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  Current  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  Current  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  143  ppt. 

High  (Ranch  Hand):  Current  Dioxin  >  10  ppt.  Initial  Dioxin  >  143  ppt. 

DXCAT  =  Categorized  Dioxin. 
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Table  13-6.  (Continued) 

Analysis  of  Alcoholic  Chronic  Liver  Disease  and  Cirrhosis 


g)  MODELS  4,  5,  AND  «:  RANCH  HANDS  -  CURRENT  DIOXIN  -  UNADJUSTED 


Current  Dioxin  Category 
Percent  Yes/(n) 

Analysis  Results  for  Logj 
(Current  Dioxin  +  1) 

ModeP 

Low 

Medium 

High 

Est.  Rdative  Ksk 
(95%  CX)'’ 

p^alue 

4 

5.4 

(278) 

6.0 

(282) 

5.5 

(274) 

1.05  (0.86,1.28) 

0.655 

5 

5.3 

(282) 

5.7 

(283) 

5.9 

(269) 

1.04(0.88,1.24) 

0.633 

6" 

5.3 

(281) 

5.7 

(283) 

5.9 

(269) 

1.01  (0.84,1.22) 

0.905 

h)  MODELS  4,  5,  AND  6:  RANCH  HANDS  -  CURRENT  DIOXIN  -  ADJUSTED 


ModeP 

Analysis  Results  for  Log2  (Current  Dioxin  +  1) 

Adj.  Relative  Risk 

(95%  C.L)^  p-Value  Covariate  Remarks 

4 

814 

1.03  (0.83,1.27) 

0.782 

AGE  (p=0.279) 

DRKYR  (p< 0.001) 

5 

814 

1.03  (0.86,1.23) 

0.745 

AGE  (p=0.276) 

DRKYR  (p<0.001) 

6“ 

813 

1.00  (0.83,1.21) 

0.986 

AGE  (p=0.298) 

DRKYR  (p <0.001) 

^  Model  4:  Log2  (lipid-adjusted  current  dioxin  +1). 

Model  5:  Log2  (whole-weight  current  dioxin  -I-  1). 

Model  6:  Log2  (whole-weight  current  dioxin  +  1),  adjusted  for  log2  total  lipids. 

Relative  risk  for  a  twofold  increase  in  current  dioxin. 

‘  Adjusted  for  log2  total  lipids. 

**  Adjusted  for  log2  total  lipids  in  addition  to  covariates  specified  under  "Covariate  Remarks”  column. 

Note:  Model  4:  Low  =  <  8.1  ppt;  Medium  =  >8.1-20.5  ppt;  High  =  >20.5  ppt. 

Models  5  and  6:  Low  =  <  46  ppq;  Medium  =  >46-128  ppq;  High  =  >128  ppq. 


Examination  of  the  unadjusted  Model  2  results  did  not  reveal  a  significant  association 
between  initial  dioxin  and  alcoholic  chronic  liver  disease  and  cirrhosis  (Table  13-6(c): 
p=0.759). 

The  adjusted  analysis  of  Model  2  had  a  significant  initial  dioxin-by-race  interaction 
(Table  13-6(d):  p=0.004).  Appendix  Table  1-2-2  presents  results  stratified  by  each  level  of 
race.  The  final  model  also  contained  age  and  lifetime  alcohol  histoiy.  After  removing  the 
initial  dioxin-by-race  interaction  from  the  adjusted  model,  initial  dioxin  was  not  significantly 
associated  with  alcoholic  chronic  liver  disease  and  cirrhosis  (Table  13-6(d):  p=0.915). 

As  shown  in  Table  13-6(e),  the  unadjusted  Model  3  analysis  did  not  find  a  significant 
contrast  between  any  of  the  Ranch  Hand  categories  and  the  Comparison  group  (p>0.76  for 
all  contrasts). 

Categorized  dioxin-by-race  was  a  significant  interaction  in  the  adjusted  Model  3  analysis 
(Table  13-6(f):  p=0.028).  Appendix  Table  1-2-2  shows  adjusted  results  stratified  by  each 
level  of  race.  The  final  model  also  included  two  covariate-by-covariate  interactions: 
occupation-by-lifetime  alcohol  history  and  age-by-lifetime  alcohol  history.  Without  the 
categorized  dioxin-by-race  interaction,  the  adjusted  analysis  of  Model  3  did  not  detect  a 
significant  association  between  categorized  dioxin  and  alcoholic  chronic  liver  disease  (Table 
13-6(f):  p>0.51  for  all  contrasts). 

The  unadjusted  and  adjusted  analyses  of  Models  4  through  6  did  not  reveal  a  significant 
association  between  current  dioxin  and  alcoholic  chronic  liver  disease  and  cirrhosis  (Table 
13-6(g,h):  p>0.63  for  all  analyses).  Each  of  the  adjusted  analyses  for  Models  4  through  6 
contained  the  covariates  age  and  lifetime  alcohol  histoiy. 

Nonalcoholic  Chronic  Liver  Disease  and  Cirrhosis 

Displayed  in  Table  13-7(a,b),  the  unadjusted  and  adjusted  results  for  Model  1  did  not 
find  a  significant  group  difference  in  the  analysis  of  nonalcoholic  chronic  liver  disease  and 
cirrhosis  (p>0.24  for  all  contrasts).  The  adjusted  analysis  for  Model  1  contained  the 
covariate  age. 

Similarly,  the  analyses  of  Models  2  and  3  did  not  reveal  nonalcoholic  chronic  liver 
disease  and  cirrhosis  to  be  significantly  associated  with  either  initial  dioxin  or  categorized 
dioxin  (Table  13-7(c-f):  p>0.61  for  all  analyses).  For  Models  2  and  3,  the  adjusted 
analyses  contained  the  covariate  age. 

The  unadjusted  and  adjusted  current  dioxin  analyses  (Models  4  through  6)  did  not  find  a 
significant  association  between  current  dioxin  and  nonalcoholic  chronic  liver  disease  and 
cirrhosis  (Table  13-7(g,h):  p>0.38  for  all  analyses).  Each  of  the  adjusted  analyses  for 
Models  4  through  6  contained  the  covariate  age. 
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Table  13-7. 

Analysis  of  Nonalcoholic  Chronic  Liver  Disease  and  Cirrhosis 


a)  MODEL  1:  RANCH  HANDS  VS. 

COMPARISONS 

-UNADJUSTED 

Pereent 

Est;  Relative  Risk 

Occupational  Category 

Group 

(9S%C.I.) 

p-Vrfue 

All 

Ranch  Hand 

952 

1.4 

1.35  (0.62,2.92) 

0.574 

Comparison 

1,280 

1.0 

Officer 

Ranch  Hand 

367 

1.4 

2.29  (0.54,9.66) 

0.422 

Comparison 

501 

0.6 

Enlisted  Flyer 

Ranch  Hand 

162 

1.2 

1.26(0.18,9.02) 

0.999 

Comparison 

203 

1.0 

Enlisted  Groundcrew 

Ranch  Hand 

423 

1.4 

1.02  (0.35,2.97) 

0.999 

Comparison 

576 

1.4 

b)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS  ^  ADJUSTED 


Occupational  Category 

Adj .  Relative  Risk 

p-Vaiue 

Govariate  Remarks^ 

All 

1.36  (0.63,2.96) 

0.434 

AGE  (p =0.095) 

Officer 

2.34  (0.56,9.88) 

0.246 

Enlisted  Flyer 

1.27  (0.18,9.26) 

0.810 

Enlisted  Groundcrew 

1.02  (0.35,2.96) 

0.973 

“  Covariates  and  associated  p-values  correspond  to  final  model  based  on  all  participants  with  available  data. 
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Table  13-7.  (Continued) 

Analysis  of  Nonalcoholic  Chronic  Liver  Disease  and  Cirrhosis 


c)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  —  UNADJUSTED 


Initial  Dioxin  Category  Summaty  Statistics 

Analysis  Results  for  Logj  (Initial  Dioxin)^ 

Percent 

Estimated  Rdative  Risk 

Mtiai  Dioxin 

n 

-.Yes 

(95%  C-D^* 

p-Vaiue 

Low 

174 

1.1 

0.98(0.55,1.72) 

0.932 

Medium 

173 

1.7 

High 

173 

1.2 

d)  MODEL  2;  RANCH  HANDS  -  INITIAL  DIOXIN  —  ADJUSTED 
An%sis  Results  for  L^ 

n  Adj.  Relative  Risk  (95%  C.I.)‘’ _ p-Value _ Covariate  Remarks 

520  _ 0.87  (0.47.1.59) _ 0.640 _ AGE  (p=0.246) _ 

“  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 

Relative  risk  for  a  twofold  increase  in  initial  dioxin. 

Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  "Covariate  Remarks"  column. 

Note:  Low  =  39-98  ppt;  Medium  =  >98-232  ppt;  High  =  >232  ppt. 
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Table  13-7.  (Continued) 

Analysis  of  Nonalcoholic  Chronic  Liver  Disease  and  Cirrhosis 


e)  MODEL  3:  Ri«^GH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  — 

UNADJUSTED 

Dioxin  Category 

n 

Percent 

Yes  ■ 

Est.  Relative  Risk 
(95%  C.I.)"*’ 

p-Vaiue 

Comparison 

1,062 

1.1 

Background  RH 

374 

1.1 

1.15  (0.36,3.63) 

0.814 

LowRH 

260 

1.5 

1.24  (0.38,3.99) 

0.721 

High  RH 

260 

1.2 

0.79  (0.22,2.92) 

0.730 

Low  plus  High  RH 

520 

1.3 

1.00(0.38,2.62) 

0.999 

f)  M(^L  3V  RANCH  HANDS  —  ADJUSTED 


Dioxin  Category 

:  Ik 

Adj.  Relative  Risk 
(95%  C.L)®= 

p^Vsilue 

Covaiiate  Remarks 

Comparison 

1,062 

AGE  (p =0.167) 

Background  RH 

374 

1.26 

(0.39,4.03) 

0.698 

LowRH 

260 

1.37 

(0.42,4.41) 

0.602 

HighRH 

260 

0.71 

(0.19,2.64) 

0.612 

Low  plus  High  RH 

520 

0.99 

(0.38,2.59) 

0.980 

^  Relative  risk  and  confidence  interval  relative  to  Comparisons. 

^  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 

^  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  imder  "Covariate  Remarks"  column. 

Note:  RH  =  Ranch  Hand. 

Comparison:  Current  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  Current  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  Current  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  143  ppt. 

High  (Ranch  Hand):  Current  Dioxin  >  10  ppt.  Initial  Dioxin  >  143  ppt. 
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Table  13-7.  (Continued) 

Analysis  of  Nonalcoholic  Chronic  Liver  Disease  and  Cirrhosis 


g)  MODELS  4,  5,  AND  6:  RANCH  HAMIS  -  CURRENT  DIOXIN— 

-  • 

Current  Dioxin  Cat^oiy 
Percent  Yes/(n) 

'  Analysis  Results  for  Log2 
(Current  Dioxin  4-  1) 

Est.  Relative  Risk 

ModeP 

Low 

Medium 

High 

(95%  C.!.)** 

p-Value 

4 

1.0 

1.0 

1.7 

1.15  (0.78,1.70) 

0.480 

(295) 

(300) 

(299) 

5 

1.0 

1.0 

1.7 

1.17  (0.82,1.65) 

0.388 

(300) 

(297) 

(297) 

6= 

1.0 

1.0 

1.7 

1.13  (0.78,1.64) 

0.530 

(299) 

(297) 

(297) 

h)  MODELS  4,  5,  AND  6;  RANCH  HANDS  — 

CURRENT 

Model® 

Adj.  Relative  Risk 

4 

894 

1.10(0.74,1.63) 

0.651 

AGE  (p =0.340) 

5 

894 

1.12(0.79,1.59) 

0.525 

AGE  (p =0.352) 

6^ 

893 

1.07  (0.73,1.57) 

0.722 

AGE  (p=0.316) 

®  Model  4 
Model  5 
Model  6 

Log2  (lipid-adjusted  current  dioxin  +  1). 

Log2  (whole-weight  current  dioxin  +1). 

Log2  (whole-weight  current  dioxin  +  1),  adjusted  for  log2  total  lipids. 

’’  Relative  risk  for  a  twofold  increase  in  current  dioxin. 

Adjusted  for  log2  total  lipids. 

Adjusted  for  log2  total  lipids  in  addition  to  covariates  specified  under  "Covariate  Remarks"  column. 

Note:  Model  4:  Low  =  <  8.1  ppt;  Medium  =  >8.1-20.5  ppt;  High  =  >20.5  ppt. 

Models  5  and  6:  Low  =  ^  46  ppq;  Medium  =  >46-128  ppq;  High  =  >  128  ppq. 
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Liver  Abscess  and  Sequelae  of  Chronic  Liver  Disease 

Due  to  sparse  data  (one  Ranch  Hand  and  one  Comparison),  analyses  were  not  conducted 
on  liver  abscess  and  sequelae  of  chronic  liver  disease.  Table  13-8  presents  sample  sizes  and 
frequencies  for  each  model. 

Other  Liver  Disorders 

The  category  of  other  liver  disorders  includes  primarily  nonspecific  elevations  of 
laboratory  tests  measured  at  previous  AFHS  examinations.  Only  four  participants  had  a 
medical  history  of  an  actual  diagnosed  disease.  The  unadjusted  and  adjusted  Model  1 
analyses  for  other  liver  disorders  did  not  show  Ranch  Hands  and  Comparisons  to  be 
significantly  different  (Table  13-9(a,b):  p>0.24  for  all  contrasts).  The  adjusted  analysis 
contained  the  covariates  age,  race,  and  lifetime  alcohol  history. 

As  presented  in  Table  13-9(c),  the  unadjusted  Model  2  results  did  not  reveal  a 
significant  association  between  initial  dioxin  and  other  liver  disorders  (p= 0.177). 

The  initial  dioxin-by-occupation  interaction  was  significant  in  the  adjusted  analysis  of 
Model  2  (Table  13-9(d);  p =0.018).  Appendix  Table  1-2-3  presents  results  stratified  by 
occupation.  In  addition  to  this  interaction,  age  and  race  also  were  significant  in  the  adjusted 
analysis.  When  the  initial  dioxin-by-occupation  interaction  was  removed  from  the  final 
model,  the  adjusted  Model  2  analysis  revealed  a  significant  positive  association  between  other 
liver  disorders  and  initial  dioxin  (Table  13-9(d):  p=0.046,  Adj.  RR=1.18,  95%  C.I.  =  [1.00, 
1.40]). 

With  occupation  removed,  the  adjusted  Model  2  results  matched  the  vmadjusted  results. 
The  association  between  other  liver  disorders  and  initial  dioxin  was  nonsignificant  (Appendix 
Table  I-3-3(a):  p =0.203). 

The  unadjusted  Model  3  analysis  found  a  marginally  significant  difference  in  the  history 
of  other  liver  disorders  between  the  high  Ranch  Hands  and  the  Comparison  group  (Table  13- 
9(e):  p=0.081,  Est.  RR=1.30,  95%  C. I.  =[0.97,  1.74]).  The  percentage  of  participants 
with  a  history  of  other  liver  disorders  was  higher  for  high  Ranch  Hands  than  for  the 
Comparison  group  (34.2%  vs.  27.4%). 

The  adjusted  Model  3  analysis  contained  a  significant  categorized  dioxin-by-degreasing 
chemical  exposure  interaction  (Table  13-9(f):  p =0.042).  Appendix  Table  1-2-3  displays 
adjusted  results  stratified  by  degreasing  chemical  exposure.  In  addition  to  the  categorized 
dioxin-by-degreasing  chemical  exposure  interaction,  the  occupation-by-race  interaction  and 
two  covariates,  age  and  lifetime  alcohol  history,  were  significant  in  the  adjusted  analysis  of 
Model  3.  The  relative  risk  for  high  Ranch  Hands  became  significant  when  the  categorized 
dioxin-by-degreasing  chemical  exposure  was  removed  from  the  adjusted  analysis  (Table 
13-9(f):  p=0.048,  Adj.  RR=1.37,  95%  C.I.  =  [1.00,  1.86]). 
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Table  13-8. 

Liver  Abscess  and  Sequelae  of  Chronic  Liver  Disease 


a)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS 


Occupational 

Category 

Group  :: 

n 

Percent 

•Yes 

All 

Ranch  Hand 

952 

0.1 

Comparison 

1,281 

0.1 

Officer 

Ranch  Hand 

367 

0.0 

Comparison 

502 

0.2 

Enlisted  Flyer 

Ranch  Hand 

162 

0.0 

Comparison 

203 

0.0 

Enlisted  Groundcrew 

Ranch  Hand 

423 

0.2 

Comparison 

576 

0.0 

b)  MODEL  2:  RANCH  HANl^  -- 


Initial  Dioxin  Categoiy  Summaiy  Statistics  - 

Initial  Dioxin 

;'';,;.S:Percent  Yes 

Low 

174 

0.0 

Medium 

173 

0.0 

High 

173 

0.6 

Note:  Low  =  39-98  ppt;  Medium  =  >98-232  ppt;  High  =  >232  ppt. 
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Table  13-8.  (Continued) 

Liver  Abscess  and  Sequelae  of  Chronic  Liver  Disease 


c)  MODELS: 

RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY 

-  - 

Percent 

Dioxin  Gat^ory 

n 

Yes 

Comparison 

1,063 

0.1 

Background  RH 

374 

0.0 

Low  RH 

260 

0.0 

HighRH 

260 

0.4 

Low  plus  High  RH 

520 

0.2 

d)  MODELS  4,  5,  AND  6: 

RANCH  HANDS  —  CURRENT  DiOXIN 

ModeP 

Low 

Current  Dioxin  Cat^oiy 

Percent  Yes/(n) 

Medium 

High 

4 

0.0 

0.0 

0.3 

(295) 

(300) 

(299) 

5 

0.0 

0.0 

0.3 

(300) 

(297) 

(297) 

6 

0.0 

0.0 

0.3 

(299) 

(297) 

(297) 

^  Model  4;  Logj  lipid-adjusted  (current  dioxin  +  1). 

Model  5;  Log2  whole-weight  (current  dioxin  -1-1). 

Model  6;  Log2  whole-weight  (current  dioxin  -f  1),  adjusted  for  log2  total  lipids. 

Note:  RH  =  Ranch  Hand. 

Comparison:  Current  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  Current  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  Current  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  143  ppt. 
High  (Ranch  Hand):  Current  Dioxin  >  10  ppt,  Initial  Dioxin  >  143  ppt. 

Model  4  -  Low  =  <  8.1  ppt;  Medium  =  >8.1-20.5  ppt;  High  =  >20.5  ppt. 
Models  5  and  6  -  Low  =  ^  46  ppq;  Medium  =  >46-128  ppq;  High  =  >  128  ppq. 
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Table  13-9. 

Analysis  of  Other  Liver  Disorders 


a)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS  -  IJNADJUSTED 


-  Percoit  Est.  Relative  Risk 

Occupational  Category  Group  n  Yes  (95%  C.I.)  p-Value 


All 

Ranch  Hand 

948 

30.1 

1.11  (0.92,1.34) 

0.281 

Comparison 

1,270 

27.9 

Officer 

Ranch  Hand 

364 

29.4 

1.12  (0.83,1.51) 

0.513 

Comparison 

494 

27.1 

Enlisted  Flyer 

Ranch  Hand 

162 

25.3 

0.91  (0.57,1.46) 

0.791 

Comparison 

203 

27.1 

Enlisted  Groundcrew 

Ranch  Hand 

422 

32.5 

1.19(0.91,1.56) 

0.240 

Comparison 

573 

28.8 

b)  MODEL  ! 

t  RiWCH  Hands  VS. 

COIVIPARISONS —ADJUSTED 

Occupational  Cat^bry 

Adj.  Relative  Risk 
(95%  C.I.) 

P“Value 

Covariate  Remarks® 

All 

1.11  (0.92,1.34) 

0.272 

AGE  (p =0.711) 

Officer 

1.14(0.84,1.54) 

0.398 

RACE  (p <0.001) 
DRKYR  (p=0.003) 

Enlisted  Flyer 

0.87  (0.54,1.41) 

0.579 

Enlisted  Groundcrew 

1.18  (0.89,1.56) 

0.240 

®  Covariates  and  associated  p-values  correspond  to  final  model  based  on  all  participants  with  available  data. 
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Table  13-9.  (Continued) 
Analysis  of  Other  Liver  Disorders 


c)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  —  UNADJUSTED 


Initial  Dioxin  Category  Summary  Statistics 

P^cent 


friitial  Dioxin 

n 

Yes 

Low 

173 

26.6 

Medium 

173 

32.4 

High 

173 

35.8 

Analysis  Results  for  Logj  (Initiai  Dioxin)^ 

p-Value 


Estimated  Relative  Risk 
(95%  C.I.)*' 


1.10  (0.96,1.27) 


0.177 


d)  MODEL  2:  RANCH  HANDS  —  INITIAL  DIOXIN  -  ADJUSTED 


Analysis  Results  foi 
^dj.  Relative  Risk  (95%  C.I.)'’ 

Logj  (Initial  Dioxm)f 

Govariate  Remarks 

519 

1.18  (1.00,1.40)** 

0.046** 

INlT*OCC  (p=0.018) 

AGE  (p=0.142) 

RACE  (p=0.002) 

^  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 

’’  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 

'  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  "Covariate  Remarks"  column. 

**  Log2  (initial  dioxin)-by-covariate  interaction  (0.01  <p<0.05);  adjusted  relative  risk,  confidence  interval, 
and  p-value  derived  from  a  model  fitted  after  deletion  of  this  interaction;  refer  to  Appendix  Table  1-2-3  for 
further  analysis  of  this  interaction. 

Note:  Low  =  39-98  ppt;  Medium  =  >98-232  ppt;  High  =  >232  ppt. 
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Table  13-9.  (Continued) 
Analysis  of  Other  Liver  Disorders 


e)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  - 

UNADJUSTED 

Dioxin  Category 

n 

Percent 

Yes 

Est.  Relative  Risk 

‘  (95%  C.L)=^  .  :  -  ^ 

p- Value 

Comparison 

1,053 

27.4 

Background  RH 

371 

25.1 

0.96(0.73,1.26) 

0.750 

Low  RH 

259 

29.0 

1.04  (0.77,1.41) 

0.787 

HighRH 

260 

34.2 

1.30  (0.97,1.74) 

0.081 

Low  plus  High  RH 

519 

31.6 

1.17  (0.93,1.47) 

0.193 

f)  MODEL  3: 

RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  -  ADJUSTED 

Adj.  Relative  Risk 

Dioxin  Category 

n 

(95%  C-I.)^ 

p-Value 

Covariate  Renarks 

Comparison 

1,036 

DXCAT*DC  (p =0.042) 

AGE  (p =0.972) 

Background  RH 

365 

0.96  (0.72,1.27)** 

0.761** 

DRKYR  (p <0.001) 

OCC*RACE  (p=0.037) 

Low  RH 

253 

1.03  (0.75,1.40)** 

0.860** 

High  RH 

253 

1.37  (1.00,1.86)** 

0.048** 

Low  plus  High  RH 

506 

1.18  (0.93,1.50)** 

0.169** 

®  Relative  risk  and  confidence  interval  relative  to  Comparisons. 

*’  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 

Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  "Covariate  Remarks"  column. 

**  Categorized  dioxin-by-covariate  interaction  (0.01  <p<0.05);  adjusted  relative  risk,  confidence  interval, 
p-value  derived  from  a  model  fitted  after  deletion  of  this  interaction;  refer  to  Appendix  Table  1-2-3  for 
further  analysis  of  this  interaction. 

Note:  RH  =  Ranch  Hand. 

Comparison:  Current  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  Current  Dioxin  <10  ppt. 

Low  (Ranch  Hand):  Current  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  143  ppt. 

High  (Ranch  Hand):  Current  Dioxin  >  10  ppt.  Initial  Dioxin  >  143  ppt. 
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Table  13-9.  (Continued) 
Analysis  of  Other  Liver  Disorders 


g)  MODELS  4,  5,  AND  6:  RANCH  HANDS  —  CURRENT  DIOXIN  —  UNADJUSTED 


Current  Dioxin  Category 
Percent  Yes/(n) 

Analysis  Results  for  Lc^2 
(Current  Dioxin  +  1) 

Low 

Medium 

High 

£st.  Rdative  lUsk 
<95%  C-D” 

p-Value 

4 

23.5 

(293) 

29.9 

(298) 

33.1 

(299) 

1.15  (1.04,1.27) 

0.007 

5 

23.9 

(297) 

29.1 

(296) 

33.7 

(297) 

1.14  (1.05,1.24) 

0.003 

6' 

24.0 

(296) 

29.1 

(296) 

33.7 

(297) 

1.11  (1.01,1.21) 

0.033 

h)  MODELS  4,  5,  AND  6:  RANCH  HANDS  -  CURRENT  DIOXIN  -  ADJUSTED 


Model® 

n 

Analysis  Results  for  Log2  (Current  Dioxin  +  1) 

Adj.  Relative  Risk 

(95%  C.L)^  p-Value  Covariate  Remaiks 

4 

871 

1.19  (1.06,1.34)** 

0.004** 

CURR*OCC  (p  =0.004) 

CURR*DC  (p =0.005) 

AGE  (p =0.597) 

RACE  (p =0.030) 

DRKYR  (p=0.023) 

5 

871 

1.18  (1.06,1.31)** 

0.001** 

CURR*OCC  (p =0.007) 

CURR*DC  (p =0.011) 

AGE  (p=0.573) 

RACE  (p=0.028) 

DRKYR  (p=0.025) 

6“ 

870 

1.14  (1.02,1.27)** 

0.018** 

CURR*OCC  (p=0.011) 

CURR*DC  (p =0.010) 

AGE  (p=0.528) 

RACE  (p=0.022) 

DRKYR  (p=0.028) 

^  Model  4:  Log2  (lipid-adjusted  current  dioxin  +1). 

Model  5:  Log2  (whole-weight  current  dioxin  +  1). 

Model  6:  Log2  (whole-weight  current  dioxin  +1),  adjusted  for  log2  total  lipids. 

^  Relative  risk  for  a  twofold  increase  in  current  dioxin. 

^  Adjusted  for  log2  total  lipids. 

^  Adjusted  for  log2  total  lipids  in  addition  to  covariates  specified  under  "Covariate  Remarks"  column. 

**  Log2  (current  dioxin  H-  l)-by-covariate  interactions  (p<0.05);  adjusted  relative  risk,  confidence  interval, 
and  p-value  derived  from  a  model  fitted  after  deletion  of  these  interactions;  refer  to  Appendix  Table  1-2-3 
for  forther  analysis  of  these  interactions. 

Note:  Model  4:  Low  =  <  8.1  ppt;  Medium  =  >8.1-20.5  ppt;  High  =  >20.5  ppt. 

Models  5  and  6:  Low  =  <  46  ppq;  Medium  =  >46-128  ppq;  High  =  >  128  ppq. 

CURR:  Log2  (current  dioxin  +  1). 
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Deleting  occupation  from  the  final  model  had  produced  a  small  change  in  the  adjusted 
results.  When  occupation  and  the  categorized  dioxin-by-degreasing  chemical  interaction  were 
removed  from  the  adjusted  model,  the  relative  risk  for  the  high  Ranch  Hand  category  became 
marginally  significant  (Appendix  Table  1-3-3;  p=0.077). 

The  unadjusted  analyses  for  Models  4  through  6  revealed  a  significant  positive 
association  between  current  dioxin  and  other  liver  disorders  (Table  13-9(g):  p =0.007,  Est. 
RR=1.15,  95%  C.I.  =  [1.04,  1.27];  p =0.003,  Est.  RR=1.14,  95%  C.I.=[1.05,  1.24];  and 
p=0.033,  Est.  RR=1.11,  95%  C.I.  =  [1.01,  1.21]  for  Models  4,  5,  and  6  respectively). 

Each  of  the  adjusted  analyses  for  Models  4  through  6  had  a  significant  current  dioxin- 
by-occupation  interaction  and  a  significant  current  dioxin-by-degreasing  chemical  interaction 
(Table  13-9(h):  p=0.004  and  p=0.005  for  Model  4,  p=0.007  and  p=0.011  for  Model  5, 
and  p=0.011  and  p=0.010  for  Model  6).  Age,  race  and  lifetime  alcohol  history  also  were 
included  in  the  adjusted  analyses  of  Models  4  through  6.  Appendix  Table  1-2-3  presents 
results  stratified  separately  by  occupation  and  degreasing  chemical  exposure.  The  adjusted 
analyses  of  Models  4  through  6  found  a  significant  positive  association  between  current 
dioxin  and  other  liver  disorders  when  both  the  current  dioxin-by-occupation  and  current 
dioxin-by-degreasing  chemical  exposure  interactions  were  removed  from  each  of  the  adjusted 
models  (Table  13-9(h):  p=0.004,  Adj.  RR=1.19,  95%  C.I.  =  [1.06,  1.34];  p=0.001,  Adj. 
RR=1.18,  95%  C.I.  =  [1.06,  1.31];  and  p =0.018,  Adj.  RR=1.14,  95%  C.I.=[1.02,  1.27] 
respectively. 

Omitting  occupation  from  the  adjusted  analysis  of  Models  4  and  5  had  no  effect  on  the 
results  of  either  of  these  models.  However,  deleting  occupation  from  the  adjusted  analysis  of 
Model  6  affected  the  significance  of  the  association  between  current  dioxin  and  other  liver 
disorders.  Without  occupation  and  the  current  dioxin-by-occupation  and  the  current  dioxin- 
by-degreasing  chemical  interactions,  the  Model  6  analysis  detected  a  marginally  significant 
positive  association  instead  of  a  significant  association  between  current  dioxin  and  other  liver 
disorders  (Appendix  Table  1-3-3:  p= 0.056). 

Hepatomegaly 

The  unadjusted  Model  1  results  did  not  reveal  a  significant  group  difference  in  the 
historical  occurrence  of  hepatomegaly  (Table  13-10(a):  p =0.163).  However,  stratifying  the 
unadjusted  analysis  by  occupation  revealed  a  marginally  significant  group  difference  within 
the  enlisted  groundcrew  stratum  (Table  13-10(a):  p=0.052,  Est.  RR=0.35,  95% 

C.I.  =[0.13,  0.95]).  In  this  stratum.  Ranch  Hands  were  less  than  half  as  likely  as 
Comparisons  to  have  a  history  of  hepatomegaly  (1.2%  vs.  3.3%). 

The  adjusted  Model  1  analysis  contained  the  group-by-occupation  interaction  (Table 
13-10(b):  p=0.048)  and  two  covariates,  age  and  lifetime  alcohol  history.  In  contrast  to  the 
unadjusted  analysis,  the  adjusted  analysis  detected  a  marginally  significant  overall  difference 
when  the  group-by-occupation  interaction  was  removed  from  the  final  model  (Table  13-10(b): 
p=0.098,  Adj.  RR=0.61,  95%  C.I.  =[0.33,  1.11]).  The  group  contrast  within  the  enlisted 
groundcrew  stratum  became  significant  when  the  adjusted  analysis  was  stratified  by 
occupation  (Table  13-10(b):  p=0.031,  Adj.  RR=0.33,  95%  C.I.  =  [0.12,  0.90]). 
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Table  13-10. 

Analysis  of  Hepatomegaly 


a)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS  —  UNADJUSTED 


Percent  Est.  Relative  Risk 

Occupational  Categoiy  Group  n  Yes  (95%  C.L)  p-Value 


All 

Ranch  Hand 

951 

1.7 

0.63  (0.34,1.14) 

0.163 

Comparison 

1,279 

2.7 

Officer 

Ranch  Hand 

367 

1.4 

0.56  (0.20,1.61) 

0.400 

Comparison 

500 

2.4 

Enlisted  Flyer 

Ranch  Hand 

162 

3.7 

2.56(0.63,10.42) 

0.306 

Comparison 

203 

1.5 

Enlisted  Groundcrew 

Ranch  Hand 

422 

1.2 

0.35  (0.13,0.95) 

0.052 

Comparison 

576 

3.3 

b)M()DEL  1 

:  RANCH  HANDS  VS.  COMPARISONS  -  ADJUSTED 

Occupational  Category 

Adj.  Relative  Risk 
(95%  C.I.) 

p-Vdae 

Covanate  Remarks^ 

All 

0.61  (0.33,  1.11)** 

0.098** 

GR0UP*0CC  (p =0.048) 

Officer 

0.54(0.19,1.57)** 

0.261** 

AGE  (p  <0.001) 

Enlisted  Flyer 

2.61  (0.64,10.66)** 

0.182** 

DRKYR  (p=0.006) 

Enlisted  Groundcrew 

0.33  (0.12,0.90)** 

0.031** 

®  Covariates  and  associated  p-values  correspond  to  final  model  based  on  all  participants  with  available  data. 

**  Group-by-covariate  interaction  (0.01  <p <0.05);  adjusted  relative  risk,  confidence  interval,  and  p-value 
derived  from  a  model  fitted  after  deletion  of  this  interaction. 
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Table  13-10.  (Continued) 
Analysis  of  Hepatomegaly 


c)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  -  UNADJUSTED 


Initial  Dioxin  Cat^oiy  Summaiy  Statistics 

Percent 


Initial  Dioxin 

n 

Yes 

Low 

174 

1.1 

Medium 

173 

2.9 

High 

172 

1.2 

Analysis  Results  for  Log^  (Initial  Dioxin)^ 

Estimated  Rdative  Risk 

(95%  _ p-Value 

1.01  (0.61,1.67)  0.980 


d)  MODEL  2:  RANCH  HANDS  -  iPOTIAL  DIOXIN  - 

ADJCSIED 

n 

Analysis  Results  for  Logj  Dioxin)' 

Adj.  Relative  Risk  (95%  C.l.)'*  p-Value 

Covariate  Remarks 

506 

1.00  (0.55,1.82)  0.991 

AGE(p=0.011) 

OCC  (p =0.132) 

DRKYR  (p =0.053) 

^  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 

Relative  risk  for  a  twofold  increase  in  initial  dioxin. 

Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  "Covariate  Remarks"  column. 

Note:  Low  =  39-98  ppt;  Medium  =  >98-232  ppt;  High  =  >232  ppt. 
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Table  13-10.  (Continued) 
Analysis  of  Hepatomegaly 


e)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  - 

UNADJUSTED 

Dioxin  Cat^ory 

n 

Percent 

Yes 

Est.  Relative  Risk 
(95%  0.1.)=* 

p-Value 

Comparison 

1,061 

2.6 

Background  RH 

374 

1.3 

0.53  (0.20,1.38) 

0.192 

LowRH 

260 

0.8 

0.27  (0.06,1.13) 

0.073 

HighRH 

259 

2.7 

0.98  (0.42,2.28) 

0.960 

Low  plus  High  RH 

519 

1.7 

0.61  (0.29,1.32) 

0.210 

f)  MODEL  3: 

RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  -  ADJUSTED 

Adj.  Rdative  Risk 

Dioxin  Category 

(9S%C;L)“ 

p-Value 

Covariate  Roarks 

Comparison 

1,043 

AGE  (p=0.012) 

DC  (p=0.115) 

Background  RH 

367 

0.51  (0.19,1.38) 

0.186 

DRKYR  (p =0.006) 

LowRH 

254 

0.26  (0.06,1.09) 

0.066 

HighRH 

252 

1.02  (0.43,2.44) 

0.958 

Low  plus  High  RH 

506 

0.61  (0.28,1.32) 

0.211 

^  Relative  risk  and  confidence  interval  relative  to  Comparisons. 

^  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 

^  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  "Covariate  Remarks"  column. 

Note:  RH  =  Ranch  Hand. 

Comparison:  Current  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  Current  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  Current  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  143  ppt. 

High  (Ranch  Hand):  Current  Dioxin  >  10  ppt.  Initial  Dioxin  >  143  ppt. 
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Table  13-10.  (Continued) 
Analysis  of  Hepatomegaly 


g)  MODELS  4,  5,  AND  6:  RANCH  HANDS  -  CURRENT  DIOXIN  -  UNADJUSTED 

- 

Current  Dioxin  Cat^oiy 
Percent  Yes/(n) 

Analysis  Results  for  Log2 
(Current  Dioxin  +  1) 

ModeP 

Low 

Medium  ' 

High 

Est.  Relative  Risk 
(95%  G,!.)” 

p-Value 

4 

1.0 

(295) 

1.3 

(300) 

2.3 

(298) 

1.00(0.70,1.44) 

0.994 

5 

1.3 

(300) 

1.0 

(297) 

2.4 

(296) 

0.96  (0.70,1.30) 

0.773 

6= 

1.3 

(299) 

1.0 

(297)  . 

2.4 

(296) 

0.97  (0.69,1.35) 

0.850 

h)  MODELS  4,  5,  AND  6:  RANCH  HANDS  - 

CURRlOTDk^^ 

Analysis  Results  for  \jOg2  (Current  Dioxin  +  1) 

Modlel^ 

Adj.  Relative  Risk 
(95%C.L)'’ 

p-Value 

Govariate  Remailts 

4 

873 

0.92  (0.61,1.39) 

0.683 

AGE  (p  =0.009) 
OCC  (p =0.038) 
DRKYR  (p =0.080) 

5 

873 

0.88  (0.63,1.23) 

0.462 

AGE  (p =0.009) 
OCC  (p  =0.029) 
DRKYR  (p =0.082) 

6^* 

872 

0.89  (0.61,1.29) 

0.534 

AGE  (p =0.008) 
OCC  (p =0.029) 
DRKYR  (p =0.088) 

“  Model  4:  Log2  (lipid-adjusted  current  dioxin  +  1). 

Model  5:  Log2  (whole-weight  current  dioxin  4-  1). 

Model  6;  Log2  (whole-weight  current  dioxin  -1-  1),  adjusted  for  log2  total  lipids. 

’’  Relative  risk  for  a  twofold  increase  in  current  dioxin. 

Adjusted  for  log2  total  lipids. 

Adjusted  for  log2  total  lipids  in  addition  to  covariates  specified  under  "Covariate  Remarks"  column. 

Note:  Model  4;  Low  =  <  8.1  ppt;  Medium  =  >8.1-20.5  ppt;  High  =  >20.5  ppt. 

Models  5  and  6:  Low  =  <  46  ppq;  Medium  =  >46-128  ppq;  High  =  >128  ppq. 


13-54 


The  unadjusted  and  adjusted  Model  2  analyses  did  not  reveal  significant  associations 
between  hepatomegaly  and  initial  dioxin  (Table  13-10(c,d):  p>0.98  for  both  analyses).  The 
adjusted  analysis  for  Model  2  contained  the  covariates  age,  occupation,  and  lifetime  alcohol 
histoiy. 

The  unadjusted  Model  3  results  revealed  a  marginally  significant  difference  in 
hepatomegaly  between  low  Ranch  Hands  and  the  Comparison  group  (Table  13-lG(e): 
p =0.073,  Est.  RR=0.27,  95%  C.I.=[0.06,  1.13]).  Low  Ranch  Hands  were  less  likely  than 
Comparisons  to  have  a  history  of  hepatomegaly  (0.8%  vs.  2.6%).  After  adjusting  for  age, 
degreasing  chemical  exposure,  and  lifetime  alcohol  history,  the  relative  risk  for  low  Ranch 
Hands  remained  marginally  significant  (Table  13-10(f):  p=0.066,  Adj.  RR=0.26,  95% 

C.I.  =  [0.06,  1.09]), 

The  unadjusted  and  adjusted  analyses  of  Models  4  through  6  found  no  significant 
associations  between  hepatomegaly  and  current  dioxin  (Table  13-10(g,h):  p  >  0.46  for  all 
analyses).  Each  of  the  adjusted  analyses  for  Models  4  through  6  contained  the  covariates 
age,  occupation,  and  lifetime  alcohol  history. 

Physical  Examination  Variable 

Current  Hepatomegaly 

The  unadjusted  and  adjusted  Model  1  analyses  of  current  hepatomegaly  did  not  reveal 
significant  differences  between  Ranch  Hands  and  Comparisons  (Table  13-ll(a,b):  p>0.63 
for  all  contrasts).  Lifetime  alcohol  history  was  the  only  significant  covariate  in  the  adjusted 
analysis. 

The  unadjusted  Model  2  analysis  did  not  reveal  a  significant  association  between  current 
hepatomegaly  and  initial  dioxin  (Table  13-ll(c):  p=0.632).  The  unadjusted  and  adjusted 
Model  2  results  were  identical  because  no  covariates  were  retained  in  the  final  model. 

The  unadjusted  and  adjusted  Model  3  results  did  not  show  any  of  the  Ranch  Hand 
categories  to  be  significantly  different  from  the  Comparison  group  (Table  13-ll(e,f):  p>0.31 
for  all  contrasts).  Lifetime  alcohol  history  was  the  only  significant  covariate  in  the  adjusted 
analysis. 

For  Models  4  through  6,  the  unadjusted  and  adjusted  analyses  did  not  show  a  significant 
association  between  current  hepatomegaly  and  current  dioxin  (Table  13-ll(g,h):  p>0.38  for 
all  analyses).  Each  of  the  adjusted  analyses  included  lifetime  alcohol  history. 
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Table  13-11. 

Analysis  of  Current  Hepatomegaly 


a)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS  —  UNADJUSTED 


Percent  Est.  Relative  Risk 

Occupational  Caitegory  Group  _ n  Yes _  (95%  C.L)  p-Value 


AU 

Ranch  Hand 

942 

0.6 

0.80  (0.29,2.20) 

0.854 

Comparison 

1,254 

0.8 

Officer 

Ranch  Hand 

364 

0.5 

0.68  (0.12,3.72) 

0.972 

Comparison 

495 

0.8 

Enlisted  Flyer 

Ranch  Hand 

162 

0.6 

-- 

- 

Comparison 

198 

0.0 

Enlisted  Groundcrew 

Ranch  Hand 

416 

0.7 

0.67  (0.17,2.70) 

0.822 

Comparison 

561 

1.1 

b)  MODEL  1 

:  RANCH  HANDS  VS.  COMPARISONS 

-  ADJUSTED 

Occupational  Category 

Adj.  Relative  Risk 
(95%  C.I.) 

p-Value 

Covariate  Remarks® 

All 

0.87  (0.31,2.46) 

0.785 

DRKYR  (p =0.024) 

Officer 

0.66  (0.12,3.63) 

0.633 

Enlisted  Flyer 

- 

- 

Enlisted  Groundcrew 

0.79  (0.19,3.35) 

0.747 

®  Covariates  and  associated  p-values  correspond  to  final  model  based  on  all  participants  with  available  data. 


Relative  risk,  confidence  interval,  and  p-value  not  presented  due  to  the  sparse  number  of  abnormalities. 
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Table  13-11.  (Continued) 
Analysis  of  Current  Hepatomegaly 


c)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  -  UNADJUSTED 


Initial  Dioxin  Category  Summary  Statistics 

Percent 

Initial  Dioxin  n  Yes 


Analysis  Results  for  Logi  (Initial  Dioxin)^ 

Estimated  Rdative  Risk 
(95%  C.I.)'»  : 


p-Value 


Low 

173 

0.6 

0.83  (0.38,1.81) 

0.632 

Medium 

171 

1.2 

High 

172 

0.6 

d)  MODEL  2:  RANCH  HANDS  ---  INmAU  DIOXIN 

ADJUSTED 

Analysis  Results  for  Log2  (Initiai  Dipxm^ 
n  Adj.  Relative  Risk  (95%  C.L)'’  p-Value 

!;oyariate  Remarks 

516  0.83  (0.38,1.81)  0.632 


®  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 

Relative  risk  for  a  twofold  increase  in  initial  dioxin. 

Note:  Low  =  39-98  ppt;  Medium  =  >98-232  ppt;  High  =  >232  ppt. 
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Table  13-11.  (Continued) 
Analysis  of  Current  Hepatomegaly 


e)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  — 

UNADJUSTED 

Dioxin  Category 

n 

Percent 

Yes.. 

£st.  Relative  Risk 
(95%C.L)"^  " 

prVaiue 

Comparison 

1,043 

0.9 

Background  RH 

371 

0.3 

0.34  (0.04,2.72) 

0.310 

LowRH 

258 

0.4 

0.43  (0.05,3.42) 

0.425 

HighRH 

258 

1.2 

1.25  (0.33,4.71) 

0.738 

Low  plus  High  RH 

516 

0.8 

0.85  (0.26,2.78) 

0.783 

f)  MODEL  3: 

RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  —  ADJUSTED 

Diojdn  Category 

n 

Adj.  Rdative  Risk 
(95%G:L)“= 

p-Vaiue 

Covariate  Remarks 

Comparison 

1,025 

DRKYR  (p=0.030) 

Background  RH 

364 

0.41  (0.05,3.34) 

0.405 

Low  RH 

252 

0.51  (0.06,4.17) 

0.532 

HighRH 

251 

1.27  (0.32,4.97) 

0.735 

Low  plus  High  RH 

503 

0.92(0.27,3.11) 

0.890 

^  Relative  risk  and  confidence  interval  relative  to  Comparisons. 

Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 

Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  "Covariate  Remarks"  column. 

Note:  RH  =  Ranch  Hand. 

Comparison:  Current  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  Current  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  Current  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  143  ppt. 

High  (Ranch  Hand):  Current  Dioxin  >  10  ppt.  Initial  Dioxin  >  143  ppt. 
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Table  13-11.  (Continued) 
Analysis  of  Current  Hepatomegaly 


g)  MODELS  4,  5,  AND  6:  RANCH  HANDS  —  CURRENT  DIOXIN  -  UNADJUSTED 


Current  Dioxin  Cat^ory 
Percent  Yes/(n) 

Analysis  Results  for  Log^ 

(Current  Dioxin  +  1) 

ModeP 

Low 

Medium 

High 

Est.  Relative  Risk 
(95%  C,!.)** 

p-Value 

4 

0.0 

(292) 

0.7 

(299) 

1.0 

(296) 

1.25  (0.72,2.20) 

0.440 

5 

0.3 

(296) 

0.3 

(297) 

1.0 

(294) 

1.26  (0.76,2.09) 

0.380 

6" 

0.3 

(295) 

0.3 

(297) 

1.0 

(294) 

1.23  (0.72,2.12) 

0.457 

h)  MODELS  4,  5,  AND  6:  RANCH  HANDS  -  CURRENT  DIOXIN  -  ADJUSTED 


Ainalysis  Results  for  Lc^2  (Current  Dioxin  +  i) 

ModeP 

■  n  •  ■■ 

Adj.  Rdative  Risk 
(95%  C.L)'> 

p-Value 

Covanate  Remarks 

4 

867 

1.21  (0.71,2.09) 

0.495 

DRKYR  (p=0.092) 

5 

867 

1.21  (0.75,1.97) 

0.438 

DRKYR  (p=0.095) 

6“ 

866 

1.19(0.70,2.03) 

0.517 

DRKYR  (p =0.095) 

^  Model  4:  Log2  (lipid-adjusted  current  dioxin  -I-  1). 

Model  5:  Log2  (whole-weight  current  dioxin  +  1). 

Model  6:  Log2  (whole-weight  current  dioxin  4-1),  adjusted  for  log2  total  lipids. 

^  Relative  risk  for  a  twofold  increase  in  current  dioxin. 

^  Adjusted  for  log2  total  lipids. 

^  Adjusted  for  log2  total  lipids  in  addition  to  covariates  specified  under  "Covariate  Remarks"  column. 

Note:  Model  4:  Low  =  <  8.1  ppt;  Medium  =  >8.1-20.5  ppt;  High  =  >20.5  ppt. 

Models  5  and  6:  Low  =  <  46  ppq;  Medium  =  >46-128  ppq;  High  =  >  128  ppq. 
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Laboratory  Examination  Variables 

AST  (Continuous) 

The  unadjusted  Model  1  analysis  revealed  a  marginally  significant  difference  in  the 
mean  level  of  AST  between  Ranch  Hands  and  Comparisons  (Table  13-12(a):  p=0.082). 
Ranch  Hands  had  a  lower  mean  level  of  AST  than  Comparisons  (23.11  U/L  vs.  23.76  U/L). 
Stratifying  the  unadjusted  results  by  occupation  revealed  a  significant  difference  in  the  mean 
levels  of  AST  within  the  enlisted  flyer  stratum  (Table  13-12(a):  p  =0.022),  with  a  higher 
mean  level  of  AST  in  the  Comparisons  than  in  the  Ranch  Hands  (23.17  U/L  vs.  21.28  U/L). 

The  adjusted  Model  1  analysis  included  occupation  and  two  covariate-by-covariate 
interactions:  lifetime  alcohol  history-by-degreasing  chemical  exposure  and  current  alcohol 
use-by-industrial  chemical  exposure.  In  contrast  to  the  unadjusted  analysis,  the  adjusted 
analysis  of  AST  did  not  show  a  significant  difference  between  the  Ranch  Hands  and 
Comparisons  (Table  13-12(b):  p=0.138).  When  the  adjusted  analysis  was  stratified  by 
occupation,  the  group  contrast  within  the  enlisted  flyer  stratum  became  marginally  significant 
(Table  13-12(b):  p=0.071). 

The  unadjusted  Model  2  results  did  not  reveal  a  significant  association  between  AST  and 
initial  dioxin  (Table  13-12(c):  p=0.362).  The  interaction  between  initial  dioxin  and  current 
alcohol  use  was  significant  in  the  adjusted  analysis  of  Model  2  (Table  13-12(d):  p=0.005). 
Appendix  Table  1-2-4  displays  adjusted  results  stratified  by  current  alcohol  use.  These 
results  reveal  a  synergism  between  current  alcohol  consumption  and  initial  dioxin  exposure. 
The  relationship  between  AST  and  TCDD  (i.e.,  slope  coefficient)  increased  for  higher 
alcohol  consumption  levels.  Besides  the  initial  dioxin-by-current  alcohol  use  interaction,  the 
adjusted  model  contained  the  covariates  occupation  and  degreasing  chemical  exposure,  and 
the  current  alcohol  use-by-industrial  chemical  exposure  interaction.  AST  was  not 
significantly  associated  with  initial  dioxin  when  the  initial  dioxin-by-current  alcohol  use 
interaction  was  removed  from  the  adjusted  model  (Table  13-12(d):  p=0.433). 

The  unadjusted  and  adjusted  Model  3  analyses  did  not  show  any  of  the  Ranch  Hand 
categories  to  be  significantly  different  from  the  Comparison  group  (Table  13-12(e,f):  p>0.19 
for  all  contrasts).  The  adjusted  analysis  included  occupation  and  two  covariate-by-covariate 
interactions:  lifetime  alcohol  history-by-degreasing  chemical  exposure  and  current  alcohol 
use-by-industrial  chemical  exposure. 

The  unadjusted  analyses  of  Models  4  and  6  did  not  find  a  significant  association 
between  AST  and  current  dioxin  (Table  13-12(g):  p=0.166  and  p=0.253  for  Models  4  and  6 
respectively).  However,  the  unadjusted  Model  5  analysis  uncovered  a  marginally  significant 
positive  association  between  AST  and  current  dioxin  (Table  13-12(g):  p=0.095,  Est.  Slope= 
0.0120). 

Each  of  the  adjusted  analyses  for  Models  4  through  6  contained  a  significant  current 
dioxin-by-current  alcohol  use  interaction  (Table  13-12(h):  p=0.003  for  each  model). 
Appendix  Table  1-2-4  presents  adjusted  results  stratified  by  current  alcohol  use  for  each  of 
the  models.  In  addition  to  the  current  dioxin-by-current  alcohol  use  interaction,  each  of  the 
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Table  13-12. 
Analysis  of  AST  (U/L) 
(Continuous) 


.  a)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS  —  UNADJUSTED 

Occupational 

Categoiy 

Group 

■  n" 

Mean® 

...  Difference  of  Means 
(95%  C  J.)” 

p-Value‘= 

All 

Ranch  Hand 

939 

23.11 

-0.66  - 

0.082 

Comparison 

1,253 

23.76 

Officer 

Ranch  Hand 

361 

23.67 

-0.70  - 

0.258 

Comparison 

495 

24.37 

Enlisted  Flyer 

Ranch  Hand 

162 

21.28 

-1.89  - 

0.022 

Comparison 

196 

23.17 

Enlisted  Groundcrew 

Ranch  Hand 

416 

23.37 

-0.08  - 

0.887 

Comparison 

562 

23.45 

b)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS  —  ADJUSTED 

Occupational 

Cat^ory 

Group 

n 

Adj. 

Mean® 

Difference  of  Adj. 
Means  (95%  C.I.)'’ 

p-Value' 

Covariate  Ronarks*^ 

All 

Ranch  Hand 

917 

22.87 

-0.55  - 

0.138 

OCC  (p =0.010) 

Comparison 

1,232 

23.41 

DRKYR*DC  (p =0.0 10) 

Officer 

Ranch  Hand 

357 

23.55 

-0.61  - 

0.319 

ALC*IC  (p  =0.002) 

Comparison 

A81 

24.15 

Enlisted  Flyer 

Ranch  Hand 

156 

21.33 

-1.57  - 

0.071 

Comparison 

195 

22.90 

Enlisted 

Ranch  Hand 

404 

23.41 

-0.11  - 

0.851 

Groundcrew 

Comparison 

550 

23.51 

®  Transformed  from  natural  logarithm  scale. 

’’  Difference  of  means  after  transformation  to  original  scale;  confidence  interval  on  difference  of  means  not 
presented  because  analysis  was  performed  on  natural  logarithm  scale. 

P-values  based  on  difference  of  means  on  natural  logarithm  scale. 

^  Covariates  and  associated  p-values  correspond  to  final  model  based  on  all  participants  with  available  data. 
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Table  13-12.  (Continued) 
Analysis  of  AST  (U/L) 
(Continuous) 


c)  MODEL  2:  RANCH  HANDS  —  INITIAL  DIOXIN  -  UNADJUSTED 


Initial  Dioxin  Cat^ory  Summary  Statistics 

Analysis  Results  for  Logi  (Initial  Dioxin)** 

Initial  Dioxin 

n 

Mean" 

Adj. 

Meai^ 

R^ 

■  Slope 
(Std.  Error)" 

p-Value 

Low 

173 

22.42 

22.49 

0.009 

0.0113  (0.0124) 

0.362 

Medium 

170 

23.53 

23.57 

High 

172 

23.65 

23.54 

d)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  -  ADJUSTED 


Initial  Dioxin  Category  Summary 
Statistics 

Adj. 


Initial  Dioxin 

n 

Mean"" 

Low 

171 

22.01** 

Medium 

167 

23.03** 

High 

170 

22.88** 

Anai;^  Results  for  Log2  (Initial  Dioxin)" 


R^ 


Adj.  Slope 
(Std.  Error)" 


p-Vaiue  Covariate  Remarks 


0.094  0.0110(0.0140)**  0.433** 


INIT*ALC  (p=0.005) 
OCC  (p=0.017) 
DC  (p =0.144) 
ALC*IC  (p=0.003) 


®  Transformed  from  the  natural  logarithm  scale. 

Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 


"  Slope  and  standard  error  based  on  natural  logarithm  of  AST  versus  logj  (initial  dioxin). 

"  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  "Covariate  Remarks"  column. 

**  Log2  (initial  dioxin)-by-covariate  interaction  (p<0.05);  adjusted  mean,  adjusted  slope,  standard  error,  and 
p-value  derived  from  a  model  fitted  after  deletion  of  this  interaction;  refer  to  Appendix  Table  1-2-4  for 
further  analysis  of  this  interaction. 

Note:  Low  =  39-98  ppt;  Medium  =  >98-232  ppt;  High  =  >232  ppt. 
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Table  13-12.  (Continued) 
Analysis  of  AST  (U/L) 
(Continuous) 


e)  MODEL  3;  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  -  IMADJUSTED 

Differ^ce  of  Adj. 


Dioxin  Category 

n 

Mean^ 

Adj. 

Mean* 

Mean  ys.  Coanpaiisons 
<95%  C.Lf 

p-Value* 

Comparison 

1,043 

23.66 

23.65 

Background  RH 

369 

22.93 

23.15 

-0.50  ~ 

0.340 

LowRH 

257 

'  23.22 

23.14 

-0.51  - 

0.394 

HighRH 

258 

23.17 

22.96 

-0.69  ~ 

0.248 

Low  plus  High  RH 

515 

23.19 

23.05 

-0.60  - 

0.195 

f)  MODEL  S: 

RANCH  HAM)S  AM)  COMPARISONS  BY  DIOXIN  CATEGORY  -  ADJUSTED 

Difference  of  Adj. 

Adj. 

Mean  ys.  Comparisons 

Dioxin  Category 

Mean“ 

(95%C.I.r 

p-Value^ 

Covariate  Remarks 

Comparison 

1,025 

23.20 

OCC  (p =0.007) 
DRKYR*DC  (p=0.013) 

Background  RH 

362 

22.73 

-0.47  - 

0.370 

ALC*IC  (p  <0.001) 

LowRH 

251 

22.91 

-0.29  - 

0.616 

HighRH 

251 

22.79 

-0.41  - 

0.496 

Low  plus  High  RH 

502 

22.85 

-0.35  - 

0.442 

^  Transformed  from  natural  logarithm  scale. 

^  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 

^  Difference  of  adjusted  means  after  transformation  to  original  scale;  confidence  interval  on  difference  of 
adjusted  means  not  presented  because  analysis  was  performed  on  natural  logarithm  scale. 

^  P-value  is  based  on  difference  of  means  on  natural  logarithm  scale. 

®  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  "Covariate  Remarks"  column. 

Note:  RH  =  Ranch  Hand. 

Comparison:  Current  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  Current  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  Current  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  143  ppt. 

High  (Ranch  Hand):  Current  Dioxin  >  10  ppt.  Initial  Dioxin  >  143  ppt. 
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Table  13-12.  (Continued) 
Analysis  of  AST  (U/L) 
(Continuous) 


g)  MODELS  4,  5,  AND  6:  RANCH  HANDS  -  CURRENT  DIOXIN  -  UNADJUSTED 


Current  Dioxin  Gat^ory 

Mean®/(n) 

Low 

Medium 

High 

22.59 

23.62 

23.04 

(290) 

(298) 

(296) 

22.57 

23.27 

23.41 

(294) 

(297) 

(293) 

22.74 

23.28 

23.22 

(293) 

(297) 

(293) 

Model*' 


Analysis  Results  for  Log2 
(Currait  Dioxin  +  1) 

Slope 

R^  (Std.  Error)^'  p-Value 


4 

5 
6“ 


0.002 

0.003 

0.005 


0.0116 

(0.0084) 

0.0120 

(0.0072) 

0.0088 

(0.0077) 


0.166 

0.095 

0.253 


h)  MODELS  4,  5,  AND  6:  RANCH  HANDS  -  CURRENT  DIOXIN  -  ADJUSTED 


Model*’ 

Current  Dioxin  Category 
Adjusted  Meanly (n) 

Low  Medium  High 

R^ 

Analysis  Results  for  Logj 
(Current  Dioxin  -1-  1) 

AdJ.  Slope 

(Std.  Error)'  p- Value  Covariate  Remarits 

4 

21.88** 

(287) 

23.19** 

(290) 

22.46** 

(287) 

0.080 

0.0137 

(0.0094)** 

0.147** 

CURR*ALC  (p =0.003) 

OCC  (p =0.004) 
AGE*DRKYR  (p =0.046) 
ALC*1C  (p<0.001) 
DRKYR*DC  (p =0.011) 

5 

21.77** 

(290) 

22.80** 

(290) 

22.95** 

(284) 

0.081 

0.0135 

(0.0080)** 

0.090** 

CURR*ALC  (p =0.003) 

OCC  (p =0.003) 
AGE*DRKYR  (p  =0.046) 
ALC*1C  (p<0.001) 
DRKYR*DC  (p  =0.012) 

6® 

21.89** 

(289) 

22.82** 

(290) 

22.80** 

(284) 

0.083 

0.0115 

(0.0086)** 

0.184** 

CURR*ALC  (p =0.003) 

OCC  (p=0.003) 
AGE*DRKYR  (p =0.038) 
ALC*1C  (p< 0.001) 
DRKYR*DC  (p =0.011) 

®  Transformed  from  natural  logarithm  scale. 

**  Model  4:  Log2  (lipid-adjusted  current  dioxin  -I-  1). 

Model  5:  Log2  (whole-weight  current  dioxin  -Hi). 

Model  6:  Log2  (whole-weight  current  dioxin  -1-  1),  adjusted  for  log2  total  lipids. 

Slope  and  standard  error  based  on  natural  logarithm  of  AST  versus  log2  (current  dioxin  -1-1). 

**  Adjusted  for  log2  total  lipids. 

®  Adjusted  for  log2  total  lipids  in  addition  to  covariates  specified  under  "Covariate  Remarks"  column. 

**  Log2  (current  dioxin  -1-  l)-by-co variate  interaction  (p<0.05);  adjusted  mean,  adjusted  slope,  standard 
error,  and  p-value  derived  from  a  model  fitted  after  deletion  of  this  interaction;  refer  to  Appendix 
Table  1-2-4  for  further  analysis  of  this  interaction. 

Note:  Model  4:  Low  =  <  8.1  ppt;  Medium  =  >8.1-20.5  ppt;  High  =  >20.5  ppt. 

Models  5  and  6:  Low  =  <  46  ppq;  Medium  =  >46-128  ppq;  High  =  >  128  ppq. 
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adjusted  analyses  for  Models  4  through  6  contained  the  covariate  occupation  and  three 
covariate-by-covariate  interactions:  age-by-lifetime  alcohol  history,  current  alcohol  use-by¬ 
industrial  chemical  exposure,  and  lifetime  alcohol  history-by-degreasing  chemical  exposure. 
For  the  Model  4  analysis,  current  dioxin  was  not  significantly  associated  with  AST  when  the 
current  dioxin-by-current  alcohol  use  interaction  was  removed  from  the  adjusted  model 
(Table  13-I2(h):  p=0.147).  The  adjusted  analysis  of  Model  5  was  similar  to  its  unadjusted 
analysis  after  the  current  dioxin-by-current  alcohol  use  interaction  was  removed  from  the 
final  model.  Current  dioxin  was  marginally  associated  with  AST  (Table  13-12(h):  p=0.090, 
Adj.  Slope=0.0135).  The  adjusted  Model  6  analysis  did  not  reveal  a  significant  association 
between  current  dioxin  and  AST  when  the  current  dioxin-by-current  alcohol  use  interaction 
was  removed  from  the  final  model  (Table  13-12(h):  p=0.184). 

AST  (Discrete) 

For  Model  1 ,  the  unadjusted  analysis  did  not  reveal  a  significant  group  difference  in  the 
percent  of  participants  with  high  levels  of  AST  (Table  13-13(a):  p>0.31  for  all  contrasts). 
The  interaction  between  group  and  current  alcohol  use  was  significant  in  the  adjusted  analysis 
of  Model  1  (Table  13-13(b):  p =0.017).  Appendix  Table  1-2-5  presents  adjusted  results 
stratified  by  current  alcohol  use.  Race,  degreasing  chemical  exposure,  industrial  chemical 
exposure,  and  lifetime  alcohol  history  also  were  significant  in  the  adjusted  analysis.  The 
adjusted  analysis  did  not  reveal  any  significant  group  contrast  when  the  group-by-current 
alcohol  use  interaction  was  removed  from  the  final  model  (Table  13-13(b):  p>0.25  for  all 
contrasts). 

Shown  in  Table  13-13(c),  the  unadjusted  Model  2  results  did  not  disclose  a  significant 
association  between  AST  and  initial  dioxin  (p= 0.895).  The  adjusted  Model  2  analysis 
contained  lifetime  alcohol  history  and  a  significant  interaction  between  initial  dioxin  and 
current  alcohol  use  (Table  13-13(d):  p=0.025).  Results  stratified  by  current  alcohol  use  are 
presented  in  Appendix  Table  1-2-5.  After  removing  the  interaction  between  initial  dioxin  and 
current  alcohol  use  from  the  final  model,  the  adjusted  analysis  did  not  reveal  a  significant 
association  between  AST  and  initial  dioxin  (Table  13-13(d):  p=0.679). 

The  unadjusted  Model  3  analysis  did  not  find  a  significant  difference  in  the  percentage 
of  participants  with  high  AST  levels  between  any  of  the  Ranch  Hand  categories  and  the 
Comparison  group  (Table  13-13(e):  p>0.19  for  all  contrasts). 

The  interaction  between  categorized  dioxin  and  current  alcohol  use  was  significant  in 
the  adjusted  Model  3  analysis  (Table  13-13(f):  p=0.015).  Appendix  Table  1-2-5  presents 
adjusted  results  stratified  by  current  alcohol  use.  The  final  model  also  contained  industrial 
chemical  exposure,  degreasing  chemical  exposure,  and  lifetime  alcohol  history.  The  adjusted 
analysis  did  not  reveal  a  significant  association  between  AST  and  categorized  dioxin  for  each 
contrast  when  the  categorized  dioxin-by-current  alcohol  use  interaction  was  removed  from  the 
adjusted  model  (Table  13-13(f):  p>0.20). 

None  of  the  unadjusted  analyses  for  Models  4  through  6  revealed  a  significant 
association  between  AST  and  current  dioxin  (Table  13-13(g):  p>0.23  for  each  analysis). 

For  Models  4  through  6,  all  of  the  adjusted  analyses  contained  a  significant  interaction 
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Table  13-13. 
Analysis  of  AST 
(Discrete) 


a)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS  —  UNADJUSTED 


Occupational  Category 

Group 

n 

Percent 

High 

Est.  Rdative  Risk 
(95%C.L) 

p- Value 

All 

Ranch  Hand 

939 

2.7 

0.75  (0.46,1.24) 

0.316 

Comparison 

1,253 

3.5 

Officer 

Ranch  Hand 

361 

3.6 

0.89  (0.44,1.81) 

0.881 

Comparison 

495 

4.0 

Enlisted  Flyer 

Ranch  Hand 

162 

1.2 

0.34  (0.07,1.65) 

0.286 

Comparison 

196 

3.6 

Enlisted  Groundcrew 

Ranch  Hand 

416 

2.4 

0.79  (0.36,1.74) 

0.698 

Comparison 

562 

3.0 

b)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS  -  ADJUSTED 
Adj.  Relative  Risk 


Occupational  Categoiy 

(95%  C.L) 

p-Value 

All 

0.85  (0.51,1.41)** 

0.519** 

Officer 

0.94  (0.45,1.96)** 

0.875** 

Enlisted  Flyer 

0.39  (0.08,1.95)** 

0.253** 

Enlisted  Groundcrew 

0.93  (0.41,2.13)** 

0.869** 

Covariate  Remarks^ 

GROUP* ALC  (p=0.017) 
RACE  (p =0.137) 

DC  (p  =0.091) 

IC  (p =0.035) 
DRKYR  (p =0.044) 


®  Covariates  and  associated  p-values  correspond  to  final  model  based  on  all  participants  with  available  data. 


**  Group-by-covariate  interaction  (0.01  <p<0.05);  adjusted  relative  risk,  confidence  interval,  and  p-value 
derived  from  a  model  fitted  after  deletion  of  this  interaction;  refer  to  Appendix  Table  1-2-5  for  further 
analysis  of  this  interaction. 
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Table  13-13.  (Continued) 
Analysis  of  AST 
(Discrete) 


c)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  -  UNADJUSTED 


Initial  Dioxin  Category  Summary  Statistics 

Analysis  Results  for  Log,  Ohiitial  Dioxin)^ 

Percent 

E^imated  Relative  Risk 

Initial  Dioxin 

n 

High 

(95%  C.L)*' 

p-Value 

Low 

173 

2.3 

1.03  (0.69,1.52) 

0.895 

Medium 

170 

2.9 

High 

172 

2.9 

d)  MODEL  2:  RiWCH  HANDS  ^  INITIAL  DIOXIN  — 

ADJUSTED 

Analysis  Results  for  Log,  Hhitial  Dioxin)'" 

n 

Adj.  Relative  Risk  (95%  C.L)*’  ^  ^  p-Value 

Covariate  Remaiics 

502 

0.92  (0.60,1.40)**  0.679** 

INIT*ALC  (p=0.025) 
DRKYR  (p=0.080) 

®  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 

^  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 

^  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  "Covariate  Remarks"  column. 

**  Log2  (initial  dioxin)-by-covariate  interaction  (0.01  <p<0..05);  adjusted  relative  risk,  confidence  interval, 
and  p-value  derived  from  a  model  fitted  after  deletion  of  this  interaction;  refer  to  Appendix  Table  1-2-5  for 
further  analysis  of  this  interaction. 

Note:  Low  =  39-98  ppt;  Medium  =  >98-232  ppt;  High  =  >232  ppt. 
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Table  13-13.  (Continued) 
Analysis  of  AST 
(Discrete) 


e)  MODEL  3;  3^  AND  COMPARISONS  BY  DIOXIN  CATEGORY  —  UNADJUSTED 

Percent  Est.  Rdative  Risk 

Dioxin  Gat^oty  n  High  (95%  C.I.)^ _ p-Valne 


Comparison 

1,043 

3.2 

Background  RH 

369 

2.2 

0.78(0.35,1.71) 

0.529 

LowRH 

257 

3.5 

1.06  (0.50,2.25) 

0.885 

HighRH 

258 

1.9 

0.53  (0.20,1.38) 

0.192 

Low  plus  High  RH 

515 

2.7 

0.78(0.41,1.48) 

0.449 

f)  MODEL  3: 

RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  —  ADJUSTED 

DiaxmiGdtegory 

■O'’ ■  ::ri' 

Adj.  Relative  Risk 
:  ■  C.L)^ 

p-Value 

Covariate  Rmarks 

Comparison 

Background  RH 

1,025 

362 

0.91  (0.41,2.05)** 

0.824** 

DXCAT*ALC  (p=0.015) 

IC  (p  =0.008) 

DC  (p  =0.020) 

DRKYR  (p=0.141) 

Low  RH 

251 

1.24  (0.57,2.71)** 

0.587** 

HighRH 

251 

0.52  (0.19,1.42)** 

0.201** 

Low  plus  High  RH 

502 

0.85  (0.43,1.65)** 

0.628** 

®  Relative  risk  and  confidence  interval  relative  to  Comparisons. 

Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 

Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  "Covariate  Remarks"  column. 

**  Categorized  dioxin-by -covariate  interaction  (0.01  <p <0.05);  adjusted  relative  risk,  confidence  interval,  and 
p-value  derived  from  a  model  fitted  after  deletion  of  this  interaction;  refer  to  Appendix  Table  1-2-5  for 
further  analysis  of  this  interaction. 

Note:  Comparison:  Current  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  Current  Dioxin  s  10  ppt. 

Low  (Ranch  Hand):  Current  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  143  ppt. 

High  (Ranch  Hand):  Current  Dioxin  >  10  ppt.  Initial  Dioxin  >  143  ppt. 
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Table  13-13.  (Continued) 
Analysis  of  AST 
(Discrete) 


g)  MODELS  4,  5,  AND  6:  RANCH  HANDS  -  CURRENT  DIOXIN  UNADJUSTED 

Model® 

Low 

Current  Dioxin  Category 
Percent  High/(n) 

Medium 

High 

Analysis  Results  for  Log2 
(Current  Dioxin  -f  1) 

Est.  Relative  Ridi 

(95%  CJO^*  p-Value 

4 

5 

6*= 

1.4 

(290) 

1.4 

(294) 

1.4 

(293) 

4.4 
(298) 

3.4 
(297) 

3.4 

(297) 

1.7 
(296) 

2.7 
(293) 

2.7 

(293) 

1.13  (0.86,1.50)  0.393 

1.16(0.91,1.49)  0.237 

1.08  (0.83,1.41)  0.578 

h)  MODELS  4,  5,  AND  6:  RANCH  HANDS  — 

CURRENT  DIOXIN  -  ADJUSTED 

Model® 

.. 

Analysis  Results  for  Log2  (Current  Dioxin  4-  1) 

Adj.  Relative  Risk 

(95%  C.!.)**  p-Value  Covariate  Remarks 

4 

864 

1.19(0.82,1.71)** 

0.352** 

CURR*ALC  (p =0.012) 

OCC  (p =0.029) 

IC  (p =0.088) 

DC  (p=0.003) 

DRKYR  (p =0.087) 

5 

864 

1.22  (0.88,1.69)** 

0.231** 

CURR*ALC  (p =0.018) 

OCC  (p=0.018) 

IC  (p =0.103) 

DC  (p =0.003) 

DRKYR  (p=0.088) 

6‘* 

863 

1.14(0.81,1.61)** 

0.451** 

CURR*ALC  (p=0.016) 

OCC  (p=0.018) 

IC  (p =0.1 12) 

DC  (p =0.004) 

DRKYR  (p=0.086) 

^  Model  4:  Log2  (lipid-adjusted  current  dioxin  -I-  1). 

Model  5:  Log2  (whole-weight  current  dioxin  -1-1). 

Model  6:  Log2  (whole-weight  current  dioxin  -I-  1),  adjusted  for  log2  total  lipids. 

Relative  risk  for  a  twofold  increase  in  current  dioxin. 

'  Adjusted  for  log2  total  lipids. 

Adjusted  for  log2  total  lipids  in  addition  to  covariates  specified  under  "Covariate  Remarks"  column. 

**  Log2  (current  dioxin  -I-  l)-by-covariate  interaction  (0.01  <p  ^0.05);  adjusted  relative  risk,  confidence 
interval,  and  p-value  derived  from  a  model  fitted  after  deletion  of  this  interaction;  refer  to  Appendix  Table 
1-2-5  for  further  analysis  of  this  interaction. 

Note:  Model  4:  Low  =  <  8.1  ppt;  Medium  =  >8.1-20.5  ppt;  High  =  >20.5  ppt. 

Models  5  and  6:  Low  =  <  46  ppq;  Medium  =  >46-128  ppq;  High  =  >  128  ppq. 
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between  current  dioxin  and  current  alcohol  use  (Table  13-13(h):  p =0.012,  p=0.018,  and 
p =0.016  for  Models  4,  5,  and  6  respectively).  Similar  to  the  Model  2  fmdings  for  initial 
dioxin,  the  interaction  results  displayed  in  Table  1-2-4  reveal  a  synergism  between  current 
alcohol  consumption  and  current  dioxin  levels,  with  the  association  between  current  dioxin 
levels  and  AST  becoming  stronger  for  higher  alcohol  consumption  levels.  In  addition  to  the 
current  dioxin-by-current  alcohol  use  interaction,  each  of  the  adjusted  analyses  contained  the 
covariates  occupation,  industrial  chemical  exposure,  degreasing  chemical  exposure  and 
lifetime  alcohol  history.  After  removing  the  current  dioxin-by-current  alcohol  use  interaction 
from  each  of  the  three  adjusted  models,  AST  was  not  significantly  associated  with  current 
dioxin  in  any  of  the  adjusted  analyses  (Table  13-13(h):  p>0.23  for  all  analyses). 

ALT  (Continuous) 

The  unadjusted  Model  1  results  showed  a  significant  group  difference  in  the  mean  levels 
of  ALT  (Table  13-14(a):  p=0.047).  The  mean  level  of  ALT  was  lower  for  Ranch  Hands 
than  Comparisons  (26.85  U/L  vs.  27.92  U/L).  Stratification  by  occupation  revealed  a 
significant  group  difference  in  the  mean  levels  of  ALT  within  the  enlisted  flyer  stratum 
(Table  13- 14(a):  p= 0.010).  Again,  the  mean  level  of  ALT  was  lower  for  Ranch  Hands  than 
Comparisons  (24.76  U/L  vs.  28.11  U/L). 

After  adjusting  for  covariates,  the  difference  in  mean  levels  of  ALT  between  Ranch 
Hands  and  Comparisons  became  marginally  significant  (Table  13-14(b):  p=0.080).  A 
significant  difference  in  mean  levels  of  ALT  persisted  within  the  enlisted  flyer  stratum  after 
the  adjusted  analysis  was  stratified  by  occupation  (Table  13-14(b):  p=0.026).  The  adjusted 
model  contained  race,  lifetime  alcohol  history,  degreasing  chemical  exposure  and  the  age-by- 
current  alcohol  use  interaction. 

The  unadjusted  and  adjusted  Model  2  analyses  did  not  reveal  a  significant  association 
between  ALT  and  initial  dioxin  (Tables  13-14(c,d):  p>0.11  for  both  analyses).  Age, 
occupation,  current  alcohol  use,  and  degreasing  chemical  exposure  were  significant 
covariates  in  the  adjusted  analysis. 

In  Table  13-14(e),  the  unadjusted  Model  3  results  revealed  a  significantly  lower  mean 
level  of  ALT  for  background  Ranch  Hands  than  for  the  Comparison  group  (p=0.011. 
Difference =-1.85).  The  mean  levels  of  ALT  for  the  Ranch  Hands  and  Comparisons  were 
25.91  U/L  and  27.76  U/L  respectively. 

After  adjusting  for  lifetime  alcohol  history,  degreasing  chemical  exposure,  and  the  age- 
by-current  alcohol  use  interaction,  the  difference  in  the  mean  levels  of  ALT  between  the 
background  Ranch  Hands  and  Comparisons  became  marginally  significant  (Table  13-14(f): 
p=0.072,  Adj.  Difference=-1.31). 

The  unadjusted  results  for  Models  4,  5,  and  6  showed  highly  significant  positive 
associations  between  ALT  and  current  dioxin  (Table  13-14(g):  p<  0.001,  Est. 

Slope=0.0476;  p<0.001,  Est.  Slope=0.0429;  and  p<0.001,  Est.  Slope=0.0410 
respectively). 
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Table  13-14. 
Analysis  of  ALT  (U/L) 
(Continuous) 


,  a)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS  — UNADJUSTED 
Occupational  DiHerence  of  Means 


Category 

Group 

n 

Mean® 

(95%C.I.f 

I>-Value® 

All 

Ranch  Hand 

939 

26.85 

-1.07  - 

0.047 

Comparison 

1,253 

27.92 

Officer 

Ranch  Hand 

361 

26.76 

-0.66  ~ 

0.424 

Comparison 

495 

27.42 

Enlisted  Flyer 

Ranch  Hand 

162 

24.76 

-3.35  - 

0.010 

Comparison 

196 

28.11 

Enlisted  Groundcrew 

Ranch  Hand 

416 

27.80 

-0.52  - 

0.544 

Comparison 

562 

28.32 

b)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS  -  ADJUSTED 


Occupational  Adj.  DiHerence  of  Adj. 

Cat^ory  Group  n  Mean®  Means  (95%  C.I.)’’  p-Value'^  Covariate  Ronarks*^ 


All 

Ranch  Hand 

917 

26.12 

-0.91  ~ 

0.080 

RACE  (p=0.120) 

Comparison 

1,232 

27.03 

DRKYR  (p=0.040) 

Officer 

Ranch  Hand 
Comparison 

357 

487 

26.81 

27.22 

-0.40  - 

0.633 

DC  (p =0.146) 
AGE*ALC  (p=0.006) 

Enlisted  Flyer 

Ranch  Hand 

156 

24.59 

-2.79  ~  , 

0.026 

Comparison 

195 

27.39 

Enlisted 

Ranch  Hand 

404 

26.17 

-0.63  - 

0.423 

Groundcrew 

Comparison 

550 

26.80 

®  Transformed  from  namral  logarithm  scale. 

**  Difference  of  means  after  transformation  to  original  scale;  confidence  interval  on  difference  of  means  not 
presented  because  analysis  was  performed  on  natural  logarithm  scale. 

'  P-values  based  on  difference  of  means  on  natural  logarithm  scale. 

Covariates  and  associated  p-values  correspond  to  final  model  based  on  all  participants  with  available  data. 
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Table  13-14.  (Continued) 
Analysis  of  ALT  (U/L) 
(Continuous) 


c)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  -UNADJUSTED 


Initial  Dioxin  Category  Summary  StatMics 

Analysis  Results  for  Logj  (Initial  Dioxin)*’ 

Initial  Dioxin 

n 

Mean^ 

Adj. 

Mean®* 

R^ 

Slope 

(Std.  Error)' 

p-Value 

Low 

173 

26.08 

26.33 

0.038 

0.0244  (0.0154) 

0.113 

Medium 

170 

28.59 

28.68 

High 

172 

29.21 

28.83 

d)  MODEL  2;  RANCH  HANDS  -  INITIAL  DIOXIN  -  ADJUSTED 


Initial  Dioxin  Category  Summary 
Statistics 


Analysis  Results  for  Logj  tbiitial  Dioxinr 


Initial  Dioxin 

n 

Adj. 

Mean“* 

R* 

Adj.  Slope 
(Std.  Error)' 

p-Value 

Covariate  Remarks 

Low 

171 

26.27 

0.088 

0.0171  (0.0175) 

0.328 

AGE  (p=0.001) 

OCC  (p=0.059) 

Medium 

167 

28.34 

ALC  (p =0.009) 

High 

170 

27.94 

DC  (p =0.068) 

®  Transformed  from  namral  logarithm  scale. 

Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 

Slope  and  standard  error  based  on  natural  logarithm  of  ALT  versus  log2  (initial  dioxin). 

Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  "Covariate  Remarks"  column. 

Note:  Low  =  39-98  ppt;  Medium  =  >98-232  ppt;  High  =  >232  ppt. 
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Table  13-14.  (Continued) 
Analysis  of  ALT  (U/L) 
(Continuous) 


e)  MODEL  3;  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  —  UNADJUSTED 

IKflerence  of  Adj. 


Dioxin  Cat^oiy 

n 

Mean® 

Adj. 

Mean* 

Mean  vs.  Ctunparisons 
(95%  C.I.)' 

p-Value* 

Comparison 

1,043 

27.78 

27.76 

Background  RH 

369 

25.35 

25.91 

-1.85  - 

0.011 

Low  RH 

257 

27.37 

27.27 

-0.48  - 

0.571 

HighRH 

258 

28.47 

27.82 

0.06  ~ 

0.944 

Low  plus  High  RH 

515 

27.92 

27.54 

-0.21  - 

0.749 

f)  MODEL  3: 

RANCH  HANDS  AND  GOMPAJEUSONS  BY  DIOXIN  CATEGORY  —  ADJUSTED 

Differoice  of  Adj. 

Adj. 

Mean  ys;  Company 

Dioxin  Category 

n 

Mean“ 

(95%C.I.)' 

p-Value** 

Covariate  Remarks 

Comparison 

1,025 

27.56 

DRKYR  (p=0.090) 

DC  (p=0.049) 

Background  RH 

362 

26.25 

-1.31  - 

0.072 

AGE*ALC  (p=0.001) 

Low  RH 

251 

27.47 

-0.09  - 

0.913 

HighRH 

251 

27.09 

-0.47  - 

0.581 

Low  plus  High  RH 

502 

27.28 

-0.28  - 

0.667 

^  Transformed  from  namral  logarithm  scale. 

**  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 

Difference  of  adjusted  means  after  transformation  to  original  scale;  confidence  interval  on  difference  of 
adjusted  means  not  presented  because  analysis  was  performed  on  natural  logarithm  scale. 

P-value  is  based  on  difference  of  means  on  natural  logarithm  scale. 

®  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  "Covariate  Remarks"  column. 

Note:  RH  =  Ranch  Hand. 

Comparison:  Current  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  Current  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  Current  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  ^  143  ppt. 

High  (Ranch  Hand):  Current  Dioxin  >  10  ppt,  Initial  Dioxin  >  143  ppt. 
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Table  13-14.  (Continued) 
Analysis  of  ALT  (U/L) 
(Continuous) 


g)  MODELS  4,  5,  AND  6:  RANCH  HANDS  -  CURRENT  DlOXm  —  UNADJUSTED 


Current  Dioxin  Cat^oiy 
Mean“/(n) 

Medium 

High 

Analysis  Results  for  Log2 
j  (Curr«jt  Dioxin  +  1) 

Slope 

(Std.  Error)®  p-Value 

Model'’ 

Low 

4 

24.75 

27.18 

28.61 

0.0476 

<0.001 

(290) 

(298) 

(296) 

(0.0104) 

5 

24.96 

26.82 

28.82 

0.0429 

<0.001 

(294) 

(297) 

(293) 

(0.0090) 

6'* 

25.12 

26.83 

28.66 

0.0410 

<0.001 

(293) 

(297) 

(293) 

(0.0097) 

h)  MODELS  4,  5,  AND  6;  RANCH  HANDS  -  CURRENT  DIOXIN  -  ADJUSTED 


Model'’ 

Current  Dioxin  Category 
Adjusted  Mean^/(n) 

Low  Medium  High 

R* 

Analysis  Results  for  Logj 
>  (Current  Dioxin  +  1) 

Adj.  Slope 

(Std.  Error)®  p-Value  Covariate  Remarks 

4 

23.86 

(289) 

26.68 

(295) 

27.82 

(291) 

0.070 

0.0504 

(0.0118) 

<0.001 

AGE  (p  <0.001) 
OCC  (p  <0.001) 
ALC  (p =0.006) 
DC  (p=0.003) 

5 

24.01 

(292) 

26.35 

(295) 

28.03 

(288) 

0.073 

0.0450 

(0.0099) 

<0.001 

AGE  (p  <0.001) 
OCC  (p  <0.001) 
ALC  (p =0.007) 
DC  (p =0.004) 

6® 

24.18 

(291) 

26.39 

(295) 

27.88 

(288) 

0.072 

0.0434 

(0.0108) 

<0.001 

AGE  (p<  0.001) 
OCC  (p  <0.001) 
ALC  (p =0.008) 
DC  (p =0.004) 

^  “  Transformed  from  natural  logarithm  scale. 

Model  4;  Log2  (lipid-adjusted  current  dioxin  -1-  1). 

Model  5:  Log2  (whole-weight  current  dioxin  H-  1). 

Model  6:  Log2  (whole- weight  current  dioxin  -t-  1),  adjusted  for  log2  total  lipids. 

Slope  and  standard  error  based  on  natural  logarithm  of  ALT  versus  log2  (current  dioxin  -1-1). 
Adjusted  for  log2  total  lipids. 

®  Adjusted  for  log2  total  lipids  in  addition  to  covariates  specified  under  "Covariate  Remarks"  column. 

Note:  Model  4:  Low  =  <  8.1  ppt;  Medium  =  >8.1-20.5  ppt;  High  =  >20.5  ppt. 

Models  5  and  6:  Low  =  <  46  ppq;  Medium  =  >46-128  ppq;  High  =  >128  ppq. 


13-74 


The  adjusted  results  for  Models  4,  5,  and  6  paralleled  the  unadjusted  results.  All  of  the 
adjusted  analyses  uncovered  a  significant  positive  association  between  ALT  and  current 
dioxin  (Table  13-14(h);  p<0.001,  Adj.  Slope=0.0504;  p<0.(X)l,  Adj.  Slope=0.0450;  and 
p<0.001,  Adj.  Slope=0.0434  for  Models  4,  5,  and  6  respectively).  Each  of  the  adjusted 
analyses  for  Models  4  through  6  contained  age,  occupation,  current  alcohol  use,  and 
degreasing  chemical  exposure. 

ALT  (Discrete) 

The  unadjusted  Model  1  analysis  did  not  find  a  significant  group  difference  between  the 
Ranch  Hands  and  Comparisons  in  the  proportion  of  ALT  abnormalities  (Table  13-15(a): 
p>0.14  for  all  contrasts). 

The  adjusted  Model  1  analysis  contained  significant  interactions  between  group  and  age 
and  between  group  and  degreasing  chemical  exposure  (Table  13-15(b):  p=0.032  and 
p=0.011  respectively).  The  results  from  analyzing  ALT  stratified  by  age  and  degreasing 
chemical  exposure  are  displayed  in  Appendix  Table  1-2-6.  The  overall  group  contrast 
remained  nonsignificant  after  removing  these  interactions  from  the  final  model  (Table 
13-15(b):  p=0.140).  However,  stratifying  the  adjusted  analysis  by  occupation  revealed  a 
marginally  significant  group  difference  within  the  enlisted  groundcrew  stratum  (Table 
13-15(b):  p=0.099,  Adj.  RR=0.65,  95%  C.I.=[0.38,  1.09]). 

The  unadjusted  and  adjusted  analyses  of  Model  2  did  not  find  a  significant  association 
between  initial  dioxin  and  ALT  (Table  13-15(c,d):  p>0.17  for  both  analyses).  Current 
alcohol  use  was  the  only  significant  covariate  in  the  adjusted  analysis  of  Model  2. 

The  unadjusted  Model  3  analysis  did  not  reveal  a  significant  association  between 
categorized  dioxin  and  ALT  (Table  13-15(e):  p>0.11  for  all  contrasts).  Categorized  dioxin- 
by-degreasing  chemical  exposure  and  categorized  dioxin-by-current  alcohol  use  interactions 
were  significant  in  the  adjusted  analysis  of  Model  3  (Table  13-15(f):  p=0.006  and  p=0.041 
respectively).  Appendix  Table  1-2-6  presents  adjusted  results  stratified  separately  by 
degreasing  chemical  exposure  and  current  alcohol  use.  Besides  these  two  interactions,  the 
adjusted  analysis  also  contained  the  age-by-current  alcohol  use  interaction.  After  dropping 
the  two  categorized  dioxin-by-co variate  interactions,  the  adjusted  analysis  did  not  show  a 
significant  association  between  categorized  dioxin  and  ALT  (Table  13-15(f):  p>0.27  for  all 
contrasts). 

The  unadjusted  analyses  for  Models  4  and  5  revealed  a  significant  positive  association 
between  current  dioxin  and  ALT  (Table  13-15(g):  p=0.031,  Est.  RR=1.24,  95% 
C.L=[1.02,  1.50];  p=0.017,  Est.  RR=1.23,  95%  C.L=[1.04,  1.46]  for  Models  4  and  5 
respectively).  The  unadjusted  Model  6  analysis  detected  a  marginally  significant  positive 
association  between  current  dioxin  and  ALT  (Table  13-15(g):  p=0.063,  Est.  RR=1.19,  95% 
C.L=[0.99,  1.43]). 

The  adjusted  results  for  Models  4  through  6  paralleled  the  unadjusted  results.  The 
adjusted  analyses  of  Models  4  and  5  revealed  a  significant  positive  association  between 
current  dioxin  and  ALT  while  the  association  was  marginally  significant  in  the  adjusted 
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Table  13-15. 
Analysis  of  ALT 
(Discrete) 


a)  MODEL  !:  RANCH  HANDS  VS.  COMPARISONS  -  UNADJUSTED 


Occupational  Gat^ory 

Group 

n 

Percent" 

High 

Est.  Relative  Risk 
(95%  C.L) 

p- Value 

All 

Ranch  Hand 

939 

5.5 

0.76  (0.53,1.08) 

0.144 

Comparison 

1,253 

7.2 

Officer 

Ranch  Hand 

361 

5.8 

0.96  (0.54,1.70) 

0.998 

Comparison 

495 

6.1 

Enlisted  Flyer 

Ranch  Hand 

162 

4.3 

0.64  (0.25,1.63) 

0.474 

Comparison 

196 

6.6 

Enlisted  Groundcrew 

Ranch  Hand 

416 

5.8 

0.67  (0.40,1.12) 

0.155 

Comparison 

562 

8.4 

. 

b)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS  —  ADJUSTED 


Occupational  Category 

Adj.  Relative  Risk 
(95%  CX) 

p-Value 

Covariate  Remarks® 

All 

0.77  (0.53,1.10)** 

0.140** 

GROUP*AGE  (p =0.032) 
GROUP*DC  (p=0.011) 

Officer 

1.01  (0.56,1.80)** 

0.979** 

RACE  (p  =0.036) 

Enlisted  Flyer 

0.68(0.26,1.75)** 

0.422** 

ALC  (p =0.001) 

Enlisted  Groundcrew 

0.65  (0.38,1.09)** 

0.099** 

®  Covariates  and  associated  p-values  correspond  to  final  model  based  on  all  participants  with  available  data. 


**  Group-by-covariate  interactions  (0.01  <p<0.05);  adjusted  relative  risk,  confidence  interval,  and  p-value 
derived  from  a  model  fitted  after  deletion  of  these  interactions;  refer  to  Appendix  Table  1-2-6  for  further 
analysis  of  these  interactions. 
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Table  13-15.  (Continued) 
Analysis  of  ALT 
(Discrete) 


c)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  —  UNADJUSTED 


Initial  Dioxin  Cat^ory  Summary  Statistics 

Percent 

Initial  Dioxin  n  High 


Analysis  Results  for  Logj  (Initial  Dioxin) 

Estimated  Relative  Risk 
(95%  C.L)” 


p-Value 


Low 

173 

2.3 

1.17(0.91,1.51) 

0.221 

Medium 

170 

8.8 

High 

172 

7.6 

d)  MODEL  2:  RANCH  HANDS -  INmAL^^^D^ 


Analysis  Results  for  Logj  (Initial  Dioxin)*^ 


Adj.  Relative  Risk  <95%  C  l.)*’ 


p-Value 


CoVariate  Remaiks 


508 


1.20  (0.93,1.55) 


0.173 


ALC  (p<0.001) 


®  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 

’’  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 

Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  "Covariate  Remarks"  column. 

Note:  Low  =  39-98  ppt;  Medium  =  >98-232  ppt;  High  =  >232  ppt. 


13-77 


Table  13-15.  (Continued) 
Analysis  of  ALT 
(Discrete) 


e)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  —  UNATMUSTED 

Percent  Est.  Relative  Risk 

Dioxin  Category  n  High  _ (95%  C.l.)^ _ p-Value 


Comparison 

1,043 

7.0 

Background  RH 

369 

4.1 

0.63  (0.36,1.12) 

0.117 

Low  RH 

257 

5.1 

0.68  (0.37,1.26) 

0.217 

HighRH 

258 

7.4 

0.94  (0.55,1.60) 

0.812 

Low  plus  High  RH 

515 

6.2 

0.81  (0.52,1.26) 

0.348 

f)  MOD^  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  -  ADJUSTCD 


Dioxin  Cat^ory 

Adj^  Relative  Risk 
CJ.)“ 

p-Value 

Covariate  Ronarks 

Comparison 

1,027 

0.72  (0.40,1.29)** 

0.272** 

DXCAT*DC  (p =0.006) 
DXCAT*ALC  (p=0.041) 
AGE*ALC  (p=0.014) 

Background  RH 

367 

LowRH 

254 

0.71  (0.37,1.34)** 

0.291** 

High  RH 

254 

0.84  (0.49,1.45)** 

0.538** 

Low  plus  High  RH 

508 

0.78  (0.50,1.23)** 

0.285** 

®  Relative  risk  and  confidence  interval  relative  to  Comparisons. 

*’  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 

^  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  "Covariate  Remarks”  column. 

**  Categorized  dioxin-by-covariate  interactions  (p<0.05);  adjusted  relative  risk,  confidence  interval,  and 
p-value  derived  from  a  model  fitted  after  deletion  of  these  interactions;  refer  to  Appendix  Table  1-2-6  for 
further  analysis  of  these  interactions. 

Note:  RH  =  Ranch  Hand. 

Comparison:  Current  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  Current  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  Current  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  143  ppt. 

High  (Ranch  Hand):  Current  Dioxin  >  10  ppt.  Initial  Dioxin  >  143  ppt. 
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Table  13-15.  (Continued) 
Analysis  of  ALT 
(Discrete) 


g).MODELS  4,  5,  AND  6:  RANCH  HANDS  -  CURRENT  DIOXIN  -  UNADJUSTED 


Current  Dioxin  Categoiy 
Percent  High/(n) 

Analysis  Results  for  Log2 
(Cuirent  IMoxin  +  1) 

Model® 

Low 

Medium 

High 

Est.  Rdative  Risk 
(95%  C.I.)*’ 

p-Value 

4 

3.8 

(290) 

4.4 

(298) 

7.8 

(296) 

1.24(1.02,1.50) 

0.031 

5 

3.7 

(294) 

4.4 

(297) 

7.8 

(293) 

1.23  (1.04,1.46) 

0.017 

6= 

3.8 

(293) 

4.4 

(297) 

7.8 

(293) 

1.19(0.99,1.43) 

0.063 

h)  MODELS  4,  5,  AND  6;  RANCH  HANDS  —  CURRENT  DIOXIN  —  ADJUSTED 


Analysis  Results  for  Log2  (Current  Dioxin  +  1) 

Mod^® 

n 

Adj.  Relative  Risk 
(95%  CJ.)** 

p-Valne 

Covariate  Remarks 

4 

875 

1.30(1.01,1.66) 

0.035 

OCC  (p =0.058) 

DC  (p  <0.001) 

AGE(p=0.119) 

ALC  (p=0.010) 

5 

875 

1.28  (1.03,1.60) 

0.024 

OCC  (p=0.050) 

DC  (p  <0.001) 

AGE(p=0.111) 

ALC  (p=0.011) 

6'^ 

874 

1.25  (0.99,1.59) 

0.058 

OCC  (p=0.058) 

DC  (p  <0.001) 

AGE  (p=0.104) 

ALC  (p=0.013) 

*  Model  4:  Log2  (lipid-adjusted  current  dioxin  -I-  1). 

Model  5:  Log2  (whole-weight  current  dioxin  -t-  1). 

Model  6:  Log2  (whole-weight  current  dioxin  -I-  1),  adjusted  for  log2  total  lipids. 

Rdative  risk  for  a  twofold  increase  in  current  dioxin. 

Adjusted  for  log2  total  lipids. 

**  Adjusted  for  log2  total  lipids  in  addition  to  covariates  specified  under  "Covariate  Remarks"  column. 

Note;  Model  4;  Low  =  :<  8.1  ppt;  Medium  =  >8.1-20.5  ppt;  High  =  >20.5  ppt. 

Models  5  and  6:  Low  =  <  46  ppq;  Medium  =  >46-128  ppq;  High  =  >  128  ppq. 
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analysis  of  Model  6  (Table  13-15(h):  p=0.035,  Adj.  RR=1.30,  95%  C. I.  — [1.01,  1.66]; 
p=0.024,  Adj.  RR=1.28,  95%  C.I.  =  [1.03,  1.60];  p=0.058,  Adj.  RR=1.25  ,  95% 

C.I.  =[0.99,  1.59]  for  Models  4,  5,  and  6  respectively].  Each  of  the  three  adjusted  models 
accounted  for  occupation,  degreasing  chemical  exposure,  age,  and  current  alcohol  use. 

A  followup  model  excluding  occupation  was  examined  because  of  the  high  association 
between  current  dioxin  levels  and  occupational  categories.  Removing  occupation  from 
Models  4,  5  and  6  caused  the  relative  risk  to  become  nonsignificant  in  each  of  the  models. 
When  occupation  was  removed  from  each  of  the  adjusted  analyses,  current  dioxin  was  no 
longer  significantly  associated  with  ALT  (Appendix  Table  1-3-8:  p>0.16  for  all  analyses). 

GGT  (Continuous) 

The  unadjusted  and  adjusted  Model  1  analyses  did  not  find  a  significant  group 
difference  in  the  mean  level  of  GGT  (Table  13-16(a,b):  p>0.17  for  all  contrasts).  The 
adjusted  analysis  contained  race  and  three  covariate-by-covariate  interactions:  age-by¬ 
occupation,  age-by-industrial  chemical  exposure,  and  lifetime  alcohol  history-by-current 
alcohol  use. 

The  unadjusted  Model  2  results  did  not  reveal  a  significant  association  between  GGT 
and  initial  dioxin  (Table  13-16(c):  p=0.581).  For  the  Model  2  adjusted  analysis,  the 
interaction  between  initial  dioxin  and  degreasing  chemical  exposure  was  significant  (Table 
13-16(d):  p=0.010).  Appendix  Table  1-2-7  presents  adjusted  results  stratified  by  degreasing 
chemical  exposure.  In  addition  to  the  interaction  involving  initial  dioxin,  the  final  model 
also  contained  occupation  and  two  covariate-by-covariate  interactions:  age-by-lifetime 
alcohol  history  and  age-by-current  alcohol  use.  The  adjusted  analysis  did  not  find  a 
significant  association  between  GGT  and  initial  dioxin  when  the  initial  dioxin-by-degreasing 
chemical  exposure  interaction  was  removed  from  the  final  model  (Table  13-16(d):  p=0.177). 

For  Model  3,  the  unadjusted  analysis  detected  a  significant  positive  difference  in  the 
mean  levels  of  GGT  between  the  low  plus  high  Ranch  Hands  and  the  Comparison  group 
(Table  13-16(e):  p =0.020).  Further  examination  of  contrasts  involving  the  Comparisons 
revealed  marginally  significant  increases  for  the  low  Ranch  Hands  and  the  high  Ranch  Hands 
(Table  13-16(e):  p=0.085  and  p=0.061  respectively).  The  mean  levels  of  GGT  for  the  low 
plus  high  Ranch  Hands,  high  Ranch  Hands,  low  Ranch  Hands,  and  Comparisons  were  34.58 
U/L,  34.70  U/L,  34.47  U/L,  and  31.97  U/L  respectively. 

The  adjusted  Model  3  analysis  contained  a  significant  interaction  between  categorized 
dioxin  and  degreasing  chemical  exposure  (Table  13-16(f):  p=0.034).  The  final  model  also 
included  race  and  the  lifetime  alcohol  history-by-current  alcohol  use  interaction.  Appendix 
Table  1-2-7  displays  adjusted  results  stratified  by  degreasing  chemical  exposure.  The 
adjusted  analysis  uncovered  two  significant  differences  involving  the  Comparisons  (low  plus 
high  Ranch  Hands  vs.  Comparisons  and  high  Ranch  Hands  vs.  Comparisons)  when  the 
categorized  dioxin-by-degreasing  chemical  exposure  was  removed  from  the  analysis  (Table 
13-16(f):  p=0.031  and  p=0.011  respectively).  The  contrast  between  the  low  Ranch  Hands 
and  the  Comparisons  remained  marginally  significant  in  the  adjusted  analysis  (Table  13-16(f): 

p=0.080). 
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Table  13-16. 
Analysis  of  GGT  (U/L) 
(Continuous) 


.  a)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS  -  UNADJUSTED 

Occupational 

Category 

Group 

n 

Mean^ 

Difference  of  Means 
(95%  C.I.)'’ 

p-Value'^ 

AU 

Ranch  Hand 

939 

32.75 

0.60- 

0.501 

Comparison 

1,253 

32.15 

Officer 

Ranch  Hand 

361 

32.37 

1.30  - 

0.363 

Comparison 

495 

31.07 

Enlisted  Flyer 

Ranch  Hand 

162 

31.43 

-3.06  ~ 

0.172 

Comparison 

196 

34.49 

Enlisted  Groundcrew 

Ranch  Hand 

416 

33.61 

1.29  - 

0.332 

Comparison 

562 

32.32 

RANCH  HANDS  VS.  COMPARISONS  —  ADJUSTED 

Occupational 

Category 

Group 

n 

A<y. 

Mean® 

Difference  of  Adj. 
Means  (95%  C.I.)*‘ 

p-Value® 

Covariate  Ronarks'^ 

All 

Ranch  Hand 

917 

34.86 

0.73  - 

0.429 

RACE  (p  =0.014) 

Comparison 

1,232 

34.13 

AGE*OCC  (p =0.032) 

Officer 

Ranch  Hand 

357 

33.70 

0.80  - 

0.571 

AGE*IC  (p =0.026) 

Comparison 

487 

32.90 

DYKYR*ALC  (p=0.004) 

Enlisted  Flyer 

Ranch  Hand 

156 

34.35 

-1.40  - 

0.545 

Comparison 

195 

35.74 

Enlisted 

Ranch  Hand 

404 

35.80 

1.44  - 

0.305 

Groundcrew 

Comparison 

550 

34.36 

®  Transformed  from  natural  logarithm  scale. 

*’  Difference  of  means  after  transformation  to  original  scale;  confidence  interval  on  difference  of  means  not 
presented  because  analysis  was  performed  on  natural  logarithm  scale. 

'  P-values  based  on  difference  of  means  on  natural  logarithm  scale. 

^  Covariates  and  associated  p-values  correspond  to  final  model  based  on  all  participants  with  available  data. 
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Table  13-16.  (Continued) 
Analysis  of  GOT  (U/L) 
(Continuous) 


c)  MODEL  2:  RANCH  HANDS  —  INITIAL  DIOXIN  —  UNADJUSTED 


Initial  Dioxin  Category  Summary  Statistics 

Analysis  Results  for  Logj  (Initial  Dioxin)** 

initial  Dioxin 

n 

Mean^ 

Adj. 

Mean®'’ 

R^ 

Slope 

(Std.  Error)® 

p-Value 

Low 

173 

33.17 

33.52 

0.020 

0.0117  (0.0212) 

0.581 

Medium 

170 

36.47 

36.57 

High 

172 

35.98 

35.51 

d)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  -  ADJUSTED 


Initial  Koxin  Category  Summary 
Statistics 

Initial  Dioxin 

Adj. 

Meah“* 

Low 

170 

33.67** 

Medium 

165 

37.72** 

High 

167 

37.66** 

Analysis  Results  for  Logj  (Initial  Dioxin)'* 


Adj.  Slope 

(Std.  Eiror)'  p-Value  Covariate  Remarks 

0.0329  (0.0243)**  0.177**  INIT*DC  (p=0.010) 

OCC  (p =0.028) 
AGE*DRKYR  (p =0.015) 
AGE*ALC  (p=0.024) 


®  Transformed  from  natural  logarithm  scale. 

Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 

Slope  and  standard  error  based  on  natural  logarithm  of  GGT  versus  log2  (initial  dioxin). 

•*  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  "Covariate  Remarks"  column. 

**  Log2  (initial  dioxin)-by-covariate  interaction  (p<0.05);  adjusted  mean,  adjusted  slope,  standard  error,  and 
p-value  derived  from  a  model  fitted  after  deletion  of  this  interaction;  refer  to  Appendix  Table  1-2-7  for 
further  analysis  of  this  interaction. 

Note:  Low  =  39-98  ppt;  Medium  =  >98-232  ppt;  High  =  >232  ppt. 


13-82 


Table  13-16.  (Continued) 
Analysis  of  GGT  (U/L) 
(Continuous) 


€)  MODEL  3;  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  -  UNADJUSTED 

DiR'erence  of  Adj. 


Dioxin  Category 

n 

Mean^ 

Adj.  : 
Mean* 

Mean  vs.  Ctnnparisons 
(95%C.L)‘= 

p-Value‘ 

Comparison 

1,043 

32.01 

31.97 

Background  RH 

369 

29.33 

30.12 

-1.85  - 

0.119 

LowRH 

257 

34.70 

34.47 

2.50  - 

0.085 

HighRH 

258 

35.64 

34.70 

2.73  - 

0.061 

Low  plus  High  RH 

515 

35.17 

34.58 

2.61  - 

0.020 

1)  MODEL  3: 

RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  —  ADJUSTED 

Difference  of  Adj. 

Adj. 

Mean  vs.  Comparisons 

Dioxin  Category 

n 

Mean“ 

(95%  C.I.)<= 

p-Value^ 

Covariate  Remarks 

Comparison 

1,025 

34.34** 

DXCAT*DC  (p=0.034) 

RACE  (p=0.008) 

Background  RH 

362 

32.60** 

-1.75  -** 

0.162** 

DRKYR*ALC  (p=0.002) 

Low  RH 

251 

36.99** 

2.65  -** 

0.080** 

HighRH 

251 

37.67** 

3.33  -** 

0.031** 

Low  plus  High  RH 

502 

37.33** 

2.99  -** 

0.011** 

®  Transformed  from  natural  logarithm  scale. 

^  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 

Difference  of  adjusted  means  after  transformation  to  original  scale;  confidence  interval  on  difference  of 
adjusted  means  not  presented  because  analysis  was  performed  on  natural  logarithm  scale. 

**  P-value  is  based  on  difference  of  means  on  natural  logarithm  scale. 

®  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  "Covariate  Remarks"  column. 

**  Categorized  dioxin-by-covariate  interaction  (0.01  <p<0.05);  adjusted  mean,  difference  of  adjusted  means, 
and  p-value  derived  from  a  model  fitted  after  deletion  of  this  interaction;  refer  to  Appendix  Table  1-2-7  for 
further  analysis  of  this  interaction. 

Note:  RH  =  Ranch  Hand. 

Comparison:  Current  Dioxin  ^  10  ppt. 

Background  (Ranch  Hand):  Current  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  Current  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  143  ppt. 

High  (Ranch  Hand):  Current  Dioxin  >  10  ppt.  Initial  Dioxin  >  143  ppt. 
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Table  13-16.  (Continued) 
Analysis  of  GOT  (U/L) 
(Continuous) 


j)  MODELS  4,  5, 

AND  6:  RANCH  HANDS -CURRENT  DIOXIN  — UNADJUSTED 

Current  Dioxin  Cat^ory 

Analysis  Results  for  Log2 

Mean®/(n) 

(Current  Dioxin  +  I) 

Slope 

Model'’ 

Low 

Medium 

High 

(Std.  Error)*’ 

p-Value 

4 

29.27 

33.12 

35.67 

0.018 

0.0578 

<0.001 

(290) 

(298) 

(296) 

(0.0142) 

5 

28.88 

32.83 

36.57 

0.027 

0.0604 

<0.001 

(294) 

(297) 

(293) 

(0.0122) 

6‘' 

30.13 

32.96 

34.91 

0.051 

0.0395 

0.002 

(293) 

(297) 

(293) 

(0.0130) 

ti)  MODELS  4,  5,  AND  6;  RANCH  HANDS  -  -  ADJUSTED 


Modd'’ 

Current  Dioxin  Category 
Adjusted  MeanV(n) 

Low  Medium  High 

R^ 

Analysis  Results  for  Logj 
(Current  Dioxin  +  1) 

Adj.  Slope 

(Std.  Error)*’  p-Value  Covariate  Remarks 

4 

28.87** 

(289) 

33.02** 

(295) 

35.84** 

(291) 

0.088 

0.0620 

(0.0159)** 

<0.001** 

CURR*OCC  (p =0.025) 
AGE  (p=0.103) 

ALC  (p <0.001) 

5 

28.48** 

(292) 

32.59** 

(295) 

36.92** 

(288) 

0.097 

0.0645 

(0.0134)** 

<0.001** 

CURR*OCC  (p =0.014) 
AGE  (p =0.088) 

ALC  (p <0.001) 

6* 

31.73** 

(291) 

34.76** 

(295) 

37.87** 

(288) 

0.124 

0.0448 

(0.0144)** 

0.002** 

CURR*OCC  (p =0.037) 
AGE  (p =0.032) 

RACE  (p=0.088) 
ALC*OCC  (p =0.037) 

^  Transformed  from  natural  logarithm  scale. 

Model  4:  Log2  (lipid-adjusted  current  dioxin  +  1). 

Model  5:  Log2  (whole-weight  current  dioxin  1). 

Model  6:  Log2  (whole-weight  current  dioxin  -f-  1),  adjusted  for  log2  total  lipids. 

'  Slope  and  standard  error  based  on  natural  logarithm  of  GOT  versus  log2  (current  dioxin  +1). 

Adjusted  for  log2  total  lipids. 

®  Adjusted  for  log2  total  lipids  in  addition  to  covariates  specified  under  "Covariate  Remarks"  column. 

**  Log2  (current  dioxin  +  l)-by-covariate  interaction  (0.01<p<0.05);  adjusted  mean,  adjusted  slope,  standard 
error,  and  p-value  derived  firom  a  model  fitted  after  deletion  of  this  interaction;  refer  to  Appendix 
Table  1-2-7  for  further  analysis  of  this  interaction. 

Note:  Model  4:  Low  =  <  8.1  ppt;  Medium  =  >8.1-20.5  ppt;  High  =  >20.5  ppt. 

Models  5  and  6:  Low  =  <  46  ppq;  Medium  =  >46-128  ppq;  High  =  >128  ppq. 
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The  unadjusted  results  for  Models  4  through  6  showed  a  significant  positive  association 
between  current  dioxin  and  GGT  (Table  13-16(g):  p<0.001,  Est.  Slope=0.0578;  p<0.001, 
Est.  Slope=0.0604;  p=0.002,  Est.  Slope=0.0395  for  Models  4,  5,  and  6  respectively). 

Each  of  the  adjusted  analyses  for  Models  4  through  6  contained  a  significant  interaction 
between  current  dioxin  and  occupation  (Table  13-16(h):  p=0.025,  p=0.014,  p=0.037  for 
Models  4,  5,  and  6  respectively).  Appendix  Table  1-2-7  presents  adjusted  results  stratified 
by  occupation  for  each  model.  Models  4  and  5  also  contained  age  and  current  alcohol  use 
whereas  Model  6  included  age,  race,  and  the  current  alcohol  use-by-occupation  interaction. 
The  adjusted  analyses  for  Models  4  through  6  revealed  a  significant  positive  association 
between  current  dioxin  and  GGT  when  the  current  dioxin-by-occupation  interaction  was 
removed  from  each  of  the  final  models  (Table  13-16(h):  p<0.001,  Adj.  Slope=0.0620; 
p<0.001,  Adj.  Slope=0.0645;  p=0.002,  Adj.  Slope =0.0448). 

GGT  (Discrete) 

The  unadjusted  and  adjusted  Model  1  analyses  did  not  reveal  a  significant  group 
difference  in  the  proportion  of  GGT  abnormalities  (Table  13-17(a,b):  p>0.26  for  all 
contrasts).  The  adjusted  model  included  age,  race,  and  the  current  alcohol  use-by-lifetime 
alcohol  history  interaction. 

Unadjusted  and  adjusted  analyses  for  Model  2  did  not  reveal  a  significant  association 
between  initial  dioxin  and  GGT  (Table  13-17(c,d):  p>0.57  for  both  analyses).  The  adjusted 
analysis  accounted  for  degreasing  chemical  exposure,  current  alcohol  use,  and  an  interaction 
between  age  and  lifetime  alcohol  history. 

For  Model  3,  the  unadjusted  analysis  did  not  detect  a  significant  contrast  between  Ranch 
Hand  dioxin  categories  and  the  Comparison  group  (Table  13-17(e):  p>0.12  for  all 
contrasts).  The  adjusted  Model  3  analysis  contained  a  significant  interaction  between 
categorized  dioxin  and  degreasing  chemical  exposure  (Table  13-17(f):  p=0.008).  In  addition 
to  this  interaction,  the  adjusted  model  also  included  age,  and  three  other  covariate-by¬ 
covariate  interactions:  race-by-current  alcohol  use,  race-by-lifetime  alcohol  history,  and 
current  alcohol  use-by-lifetime  alcohol  history.  Appendix  Table  1-2-8  displays  adjusted 
results  stratified  by  degreasing  chemical  exposure.  After  removing  the  categorized  dioxin- 
by-degreasing  chemical  exposure  interaction  from  the  final  model,  the  adjusted  analysis 
revealed  a  marginally  significant  relative  risk  for  the  low  plus  high  Ranch  Hands  (Table  13- 
17(f):  p =0.070,  Adj.  RR=1.29,  95%  C.I.=[0.98,  1.70]). 

The  unadjusted  analyses  for  Models  4  and  5  revealed  a  significant  positive  association 
between  current  dioxin  and  GGT  (Table  13-17(g);  p=0.033,  Est.  RR=1.13,  95% 

C.I.  =  [1.01,  1.26];  p=0.009,  Est.  RR=1.14,  95%  C.I.=[1.03,  1.26]).  The  unadjusted 
Model  6  analysis  was  not  significant  (p=0.131). 

All  of  the  adjusted  analyses  for  Models  4  through  6  contained  a  significant  interaction 
between  current  dioxin  and  degreasing  chemical  exposure  (Table  13-17(h):  p =0.005, 
p=0.015,  and  p=0.015  for  Models  4,  5,  and  6  respectively).  In  addition,  all  three  adjusted 
models  accounted  for  age  and  the  current  alcohol  use-by-lifetime  alcohol  history  interaction. 
Appendix  Table  1-2-8  displays  adjusted  results  stratified  by  degreasing  chemical  exposure. 
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Table  13-17. 
Analysis  of  GGT 
(Discrete) 


a)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS 

-UNADJUSTED 

Percent 

Est.  Relative  Risk 

Occupational  Gat^bry  Group  n  High 

(95%  C.I.) 

:p-Va!ue 

All 

Ranch  Hand 

939 

19.9 

1.10  (0.89,1.36) 

0.414 

Comparison 

1,253 

18.4 

Officer 

Ranch  Hand 

361 

19.4 

1.19  (0.84,1.70) 

0.369 

Comparison 

495 

16.8 

Enlisted  Flyer 

Ranch  Hand 

162 

17.9 

0.82  (0.49,1.40) 

0.560 

Comparison 

196 

20.9 

Enlisted  Groundcrew 

Ranch  Hand 

416 

21.2 

1.14  (0.83,1.56) 

0.461 

Comparison 

562 

19.0 

:  RANCH  HANDS  VS.  COMPARISONS  - 

-ADJUSTED 

Occupational  Category 

Adj.  Relative  Risk 
(95%  C.I.) 

p-Value 

Govariate  Remarks^ 

All 

1.13  (0.91,1.42) 

0.266 

AGE  (p =0.006) 

Officer 

1.18  (0.82,1.70) 

0.363 

RACE  (p=0.091) 
ALC*DRKYR  (p=0.010) 

Enlisted  Flyer 

Enlisted  Groundcrew 

0.96  (0.55,1.67) 

1.16  (0.84,1.61) 

0.891 

0.375 

“  Covariates  and  associated  p-values  correspond  to  final  model  based  on  all  participants  with  available  data. 
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Table  13-17.  (Continued) 
Analysis  of  GGT 
(Discrete) 


c)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  -  UNADJUSTED 


Initial  Dioxin  Cat^ory  Summary  Statistics 

Percent 

Initial  Dioxin  n  Ifigh 


Analysis  Results  for  Logj  Cbitial  Dionn)^ 

v'^p-Vailue  ■ 


i^imated  Relative  Risk 
(95%  C.L)’» 


Low 

173 

17.3 

1.05  (0.89,1.22) 

0.574 

Medium 

170 

26.5 

High 

172 

22.1 

d)  MODEL  2:  RANCH  HANDS -  INOIAL  DIOXIN 

ADJUSTED 

n 

Analysis  Results  for  Logj  Hnitial  Dioxin)*^ 
Adj.  Relative  Risk  (95%  C.I.j^*  p-Value 

Covariate  Remarks 

502 

1.01  (0.85,1.20)  0.909 

DC  (p=0.010) 

ALC  (p <0.001) 
AGE*DRKYR  (p=0.018) 

®  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 

Relative  risk  for  a  twofold  increase  in  initial  dioxin. 

Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  imder  "Covariate  Remarks"  column. 

Note:  Low  =  39-98  ppt;  Medium  =  >98-232  ppt;  High  =  >232  ppt. 
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Table  13-17.  (Continued) 
Analysis  of  GGT 
(Discrete) 


e)  MODEL  3;  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  -  UNADJUSTED 

Percent  Est.  Relative  Risk 

IHoxin  Category  n  High  (95%  C.I.)^  p-Value 


Comparison 

1,043 

18.0 

Background  RH 

369 

16.3 

0.94  (0.68,1.30) 

0.717 

Low  RH 

257 

21.4 

1.22  (0.87,1.72) 

0.249 

HighRH 

258 

22.5 

1.24(0.89,1.74) 

0.201 

Low  plus  High  RH 

515 

21.9 

1.23  (0.95,1.61) 

0.120 

f)  MODEL  3:  RANCH  HAM)S  i!^  GOMPAKE^^ 

TEGORY  —  ADJUSTED 

Adj.  Relative  Risk 
:  Dioxin  fGategory in . .  i  (95%: .C^I^)^ sr 

lyari^e  Ranarks 

Comparison 

Background  RH 

1,025 

362 

0.98  (0.70,1.38)** 

0.920** 

DXCAT*DC  (p=0.008) 
AGE  (p  =0.063) 
RACE*ALC  (p =0.004) 
RACE*DRKYR  (p =0.034) 

Low  RH 

251 

1.27  (0.89,1.81)** 

0.191** 

ALC*DRKYR  (p=0.004) 

HighRH 

251 

1.31  (0.92,1.87)** 

0.129** 

Low  plus  High  RH 

502 

1.29(0.98,1.70)** 

0.070** 

®  Relative  risk  and  confidence  interval  relative  to  Comparisons. 

Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 

Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  "Covariate  Remarks"  column. 

**  Categorized  dioxin-by-covariate  interaction  (p<0.05);  adjusted  relative  risk,  confidence  interval,  and 
p-value  derived  from  a  model  fitted  after  deletion  of  this  interaction;  refer  to  Appendix  Table  1-2-8  for 
further  analysis  of  this  interaction. 

Note:  RH  =  Ranch  Hand. 

Comparison:  Current  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  Current  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  Current  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  143  ppt. 

High  (Ranch  Hand):  Current  Dioxin  >  10  ppt.  Initial  Dioxin  >  143  ppt. 
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Table  13-17.  (Continued) 
Analysis  of  GOT 
(Discrete) 


g)  MODELS  4,  5,  AND  6:  RANCH  HANDS  -  CURRENT  DIOXIN  -  UNADJUSTED 


Current  Dioidn  Category 
Percent  High/(n) 

Analysis  Results  for  hog2 
(Current  Dioxin  +  1) 

Modd^ 

Low 

Medium 

Higb 

Risk 

(95%  CJ.)” 

p-Value 

4 

15.5 

(290) 

19.5 

(298) 

23.6 

(296) 

1.13(1.01,1.26) 

0.033 

5 

15.3 

(294) 

18.9 

(297) 

24.6 

(293) 

1.14  (1.03,1.26) 

0.009 

6*= 

15.4 

(293) 

18.9 

(297) 

24.6 

(293) 

1.09  (0.98,1.21) 

0.131 

h)  MODELS  4,  AND  6:  RANCH  HANDS  —  CURRENT  DIOXIN  —  ADJUSTED 


Analysis  Results  for  Log2  (Currait  Dioxin  +  1) 

ModeE 

n 

Adj.  Relative  Risk 
(95%  CJO” 

p-Value 

Covariate  Reraaiics 

4 

864 

1.14  (1.01,1.29)** 

0.040** 

CURR*DC  (p =0.005) 

AGE  (p=0.025) 

ALC*DRKYR  (p=0.031) 

5 

864 

1.15  (1.03,1.28)** 

0.012** 

CURR*DC  (p =0.015) 

AGE  (p=0.024) 

ALC*DRKYR  (p  =0.026) 

6** 

863 

1.09(0.97,1.23)** 

0.133** 

CURR*DC  (p =0.015) 

AGE  (p=0.012) 

ALC*DRKYR  (p =0.033) 

^  Model  4:  Log2  (lipid-adjusted  current  dioxin  +  1). 

Model  5:  Log2  (whole-weight  current  dioxin  +  1). 

Model  6:  Log2  (whole-weight  current  dioxin  +1),  adjusted  for  log2  total  lipids. 

^  Relative  risk  for  a  twofold  increase  in  current  dioxin. 

Adjusted  for  log2  total  lipids. 

^  Adjusted  for  log2  total  lipids  in  addition  to  covariates  specified  under  "Covariate  Remarks"  column. 

**  Log2  (current  dioxin  +  l)-by-covariate  interaction  (p<0.05);  adjusted  relative  risk,  confidence  interval,  and 
p-value  derived  from  a  model  fitted  after  deletion  of  this  interaction;  refer  to  Appendix  Table  1-2-8  for 
further  analysis  of  this  interaction. 

Note:  Model  4:  Lx)w  =  <  8.1  ppt;  Medium  =  >8.1-20.5  ppt;  High  =  >20.5  ppt. 

Models  5  and  6:  Low  =  <  46  ppq;  Medium  =  >46-128  ppq;  High  =  >  128  ppq. 
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The  results  from  the  adjusted  analyses  of  Models  4  through  6  paralleled  the  unadjusted 
results  when  the  current  dioxin-by-degreasing  chemical  exposure  interaction  was  removed 
from  each  of  the  final  models.  The  adjusted  analysis  for  Models  4  and  5  detected  a 
significant  positive  association  between  GGT  and  current  dioxin  (Table  13-17(h):  p=0.040, 
Adj.  RR=1.14,  95%  C.L  =  [1.01,  1.29];  p=0.012,  Adj.  RR=1.15,  95%  C.I.  =  [1.03, 

1.28]).  The  adjusted  Model  6  analysis  was  not  significant  (p=0.133). 

Alkaline  Phosphatase  (Continuous) 

The  unadjusted  Model  1  analysis  of  alkaline  phosphatase  detected  a  significant 
difference  between  the  Ranch  Hands  and  Comparisons  (Table  13-18(a):  p=0.005).  The 
mean  level  of  alkaline  phosphatase  was  higher  for  the  Ranch  Hands  than  the  Comparisons 
(70.73  U/L  vs.  68.55  U/L).  The  unadjusted  analysis  also  uncovered  a  significant  group 
difference  within  the  enlisted  groundcrew  stratum  when  the  unadjusted  analysis  was  stratified 
by  occupation  (Table  13-18(a):  p=0.001).  Among  the  enlisted  groundcrew,  the  mean  levels 
of  alkaline  phosphatase  for  the  Ranch  Hands  and  Comparisons  were  73.35  U/L  and  69.33 
U/L  respectively. 

The  adjusted  Model  1  analysis  contained  three  group-by-covariate  interactions:  group- 
by-age,  group-by-race,  and  group-by-degreasing  chemical  exposure  (Table  13-18(b): 
p=0.040,  p=0.033,  and  p=0.017  respectively).  Appendix  Table  1-2-9  presents  adjusted 
results  stratified  separately  by  age,  race,  and  degreasing  chemical  exposure.  In  addition  to 
the  three  group-by-co variate  interactions,  the  adjusted  analysis  included  occupation  and  three 
covariate-by-covariate  interactions:  current  wine  use-by-degreasing  chemical  exposure, 
lifetime  wine  histoiy-by-race,  and  lifetime  wine  history-by-degreasing  chemical  exposure. 
After  removing  the  three  group-by-covariate  interactions  from  the  final  model,  the  adjusted 
analysis  uncovered  a  significant  overall  group  difference  and  a  significant  group  difference 
within  the  enlisted  groundcrew  stratum  (Table  13-1 8(b):  p =0.005  and  p =0.001 
respectively). 

The  unadjusted  Model  2  analysis  did  not  find  a  significant  association  between  initial 
dioxin  and  alkaline  phosphatase  (Table  13-18(c):  p=0.547).  The  adjusted  Model  2  analysis 
contained  occupation  and  a  significant  interaction  between  initial  dioxin  and  degreasing 
chemical  exposure  (Table  13-18(d):  p=0.010).  Appendix  Table  1-2-9  displays  adjusted 
results  stratified  by  degreasing  chemical  exposure.  After  removing  the  initial  dioxin-by¬ 
degreasing  chemical  exposure  interaction  from  the  final  model,  the  adjusted  analysis  did  not 
find  a  significant  association  between  initial  dioxin  and  alkaline  phosphatase  (Table  13- 18(d): 
p=0.422). 

.  The  unadjusted  Model  3  results  show  three  significant  contrasts  involving  the 
Comparisons:  low  Ranch  Hands  versus  Comparisons,  high  Ranch  Hands  versus 
Comparisons,  and  low  plus  high  Ranch  Hands  versus  Comparisons  (Table  13-18(e): 
p=0.002,  p=0.020,  and  p=0.001  respectively).  The  mean  levels  of  alkaline  phosphatase, 
adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  from  the  time  of  duty  in  SEA  to 
the  date  of  the  blood  draw  for  dioxin,  for  the  low  Ranch  Hands,  high  Ranch  Hands,  low  plus 
high  Ranch  Hands,  and  Comparisons  were  72.13  U/L,  71.24  U/L,  71.69  U/L,  and  68.34 
U/L  respectively. 
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Table  13-18. 

Analysis  of  Alkaline  Phosphatase  (U/L) 
(Continuous) 


a)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS  —  UNADJUSTED 


Occupational 

Category 

Group 

n 

Mean^ 

Difference  of  Means 
(95%C.l.)^ 

p-Value^ 

All 

Ranch  Hand 

939 

70.73 

2.18- 

0.005 

Comparison 

1,253 

68.55 

Officer 

Ranch  Hand 

361 

67.74 

1.18- 

0.329 

Comparison 

495 

66.56 

Enlisted  Flyer 

Ranch  Hand 

162 

70.93 

-0.53  - 

0.790 

Comparison 

196 

71.45 

Enlisted  Groundcrew 

Ranch  Hand 

416 

73.35 

4.02  - 

0.001 

Comparison 

562 

69.33 

b)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS  -  ADJUSTED 

Occupational 

Adj. 

Difference  of  Adj. 

Category 

Group 

n 

Mean® 

Means  (95%  C.!.)** 

p-Value^ 

Covariate  Remarks** 

All 

Ranch  Hand 

920 

71.05** 

2.20  -** 

0.005** 

GROUP*AGE  (p=0.040) 

Comparison 

1,232 

68.85** 

GROUP*RACE  (p  =0.033) 

Officer 

Ranch  Hand 

357 

67.51** 

1.43  -** 

0.231** 

GROUP*DC  (p=0.017) 

Comparison 

487 

66.08** 

OCC  (p  <0.001) 
WINE*DC  (p=0.013) 

Enlisted  Flyer 

Ranch  Hand 

157 

70.53** 

-0.54  -** 

0.782** 

LWINE*RACE  (p =0.007) 

Comparison 

195 

71.07** 

LW1NE*DC  (p =0.014) 

Enlisted 

Ranch  Hand 

406 

74.24** 

3.95  -** 

0.001** 

Groundcrew 

Comparison 

550 

70.29** 

®  Transformed  from  namral  logarithm  scale. 

^  Difference  of  means  after  transformation  to  original  scale;  confidence  interval  on  difference  of  means  not 
presented  because  analysis  was  performed  on  natural  logarithm  scale. 

P-values  based  on  difference  of  means  on  natural  logarithm  scale. 

**  Covariates  and  associated  p-values  correspond  to  final  model  based  on  all  participants  with  available  data. 

**  Group-by-covariate  interactions  (0.01  <p<0.05);  adjusted  mean,  difference  of  adjusted  means,  confidence 
interval,  and  p-value  derived  from  a  model  fitted  after  deletion  of  these  interactions;  refer  to  Appendix 
Table  1-2-9  for  further  analysis  of  these  interactions. 
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Table  13-18.  (Continued) 
Analysis  of  Alkaline  Phosphatase  (U/L) 
(Continuous) 


c)  MODEL  2;  RANCH  HANDS  --  INIllAL  DK)X1N  -  UNADJUSTED 


Initial  Dioxin  Category  Summary  Statistics 

Analysis  Results  for  Log^  (Initial  Dioxin)^ 

Initial  Dioxin 

n 

sMean® 

Adj. 

Mean®^’ 

Slope 

p-Value 

Low 

173 

70.40 

70.57 

0.009 

0.0050  (0.0083) 

0.547 

Medium 

170 

72.85 

72.95 

High 

172 

72.26 

71.99 

d)  MODEL  2:  RANCH  HAMK  INITIAL  Dl^^ 


Initial  Dioxin  Categoiy  Summary 
L- Statistics 


Initial  IHdxin 

Mean®'* 

Low 

173 

70.43** 

Medium 

170 

71.46** 

High 

172 

69.12** 

Analysis  Results  for  Lc^i  (Ii^  Dioxin)'* 


R* 


(SM.  Ei^  C^^^^  R«narks 


0.038  -0.0076  (0.0094)**  0.422**  INIT*DC  (p=0.010) 

OCC  (p =0.139) 


“  Transformed  from  natural  logarithm  scale. 

Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 

^  Slope  and  standard  error  based  on  natural  logarithm  of  alkaline  phosphatase  versus  log2  (initial  dioxin). 

**  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  "Covariate  Remarks"  column. 

**  Log2  (initial  dioxin)-by-covariate  interaction  (0.01  <p  <0.05);  adjusted  means,  adjusted  slope,  standard 
error,  and  p-value  derived  from  a  model  fitted  after  deletion  of  this  interaction;  refer  to  Appendix  Table  1-2- 
9  for  further  analysis  of  this  interaction. 

Note:  Low  =  39-98  ppt;  Medium  =  >98-232  ppt;  High  =  >232  ppt. 
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Table  13-18.  (Continued) 
Analysis  of  Alkaline  Phosphatase  (U/L) 
(Continuous) 


e)  MODEL  3;  RANCH  HAMDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  —  UNADJUSTED 

Difference  of  Adj. 


Dioxin  Category 

n 

Mean® 

Adj. 

Mean®^ 

Mean  ts.  Cmnpaiisons 
(95%C.hf 

p-Value^ 

Comparison 

1,043 

68.35 

68.34 

Background  RH 

369 

69.32 

69.53 

1.20- 

0.267 

LowRH 

257 

72.19 

72.13 

3.80  - 

0.002 

HighRH 

258 

71.45 

71.24 

2.90- 

0.020 

Low  plus  High  RH 

515 

71.82 

71.69 

3.35  - 

0.001 

f)  MODEL  3:  RANCH  HANDS  AND  (XMPA^  CATEGORY  ^  ADJUSTED 


DiHerence  of  Adj. 

Adj.  Mean  vs.  Comparisons 

Dioxin  Category  n  Mean^^  (95%  C.L)^  p-Value*^  Covariate  Remarks 


Comparison 

1,027 

67.48** 

DXCAT*DC  (p=0.012) 

AGE  (p <0.001) 

Background  RH 

366 

69.68** 

2.20  -** 

0.043** 

OCC(p<0.001) 

WINE  (p=0.022) 

LowRH 

254 

70.87** 

3.38  -** 

0.006** 

RACE*IC  (p =0.002) 

High  RH 

254 

68.96** 

1.47 

0.239** 

Low  plus  High  RH 

508 

69.90** 

2.42  -** 

0.011** 

®  Transformed  from  natural  logarithm  scale. 

^  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  (fate  of  the  blood  draw  for  dioxin. 

Difference  of  adjusted  means  after  transformation  to  original  scale;  confidence  interval  on  difference  of 
adjusted  means  not  presented  because  analysis  was  performed  on  natural  logarithm  scale, 

^  P-value  is  based  on  difference  of  means  on  natural  logarithm  scale. 

®  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  "Covariate  Remarks"  column. 

**  Categorized  dioxin-by-covariate  interaction  (p<0.05);  adjusted  mean,  difference  of  adjusted  means,  and 
p-value  derived  from  a  model  fitted  after  deletion  of  this  interaction;  refer  to  Appendix  Table  1-2-9  for 
further  analysis  of  this  interaction. 

Note:  RH  =  Ranch  Hand. 

Comparison:  Current  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  Current  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  Current  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  143  ppt. 

High  (Ranch  Hand):  Current  Dioxin  >  10  ppt,  Initial  Dioxin  >  143  ppt. 
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Table  13-18.  (Continued) 
Analysis  of  Alkaline  Phosphatase  (U/L) 
(Continuous) 


S)  MODELS  4,  5,  AND  6:  RANCH  HANDS  -  CURRENT  DIOXIN  -  UNADJUSTED 


Current  Dioxin  Cat^ory 

An^ysis  Results  for  Log2 

Mean“/(n) 

(Currait  Dioxm  +  1) 

Slope 

Model'’ 

Low 

Medium 

High 

(Std.  Error)' 

p-Value 

4 

69.50 

0.001 

0.0063 

0.286 

(290) 

(0.0059) 

5 

69.86 

70.13 

72.35 

0.001 

0.0056 

0.266 

(294) 

(297) 

(293) 

(0.0050) 

6^ 

70.29 

70.18 

71.79 

0.007 

0.0024 

0.665 

(293) 

(297) 

(293) 

(0.0054) 

h)  MODELS  4,  5>  AND  6:  RANCH  HANDS  -  CURRENT  DIOXIN  -  ADJUSTED 


Model” 

Current  Dioxin  Category 
Adjusted  Mean^/(n) 

Low  Medium  High 

R^ 

« 

AdJ.  Slope 
(Std.  £1X010“ 

tiysis  Result 
I!iirreirt  Dio 

p-Vahie 

Xin  +A);¥  '  ^ 

Coxariate  Remarks 

4 

67.94** 

(287) 

68.61** 

(291) 

66.36** 

(289) 

0.045 

-0.0100 

(0.0067)** 

0.136** 

CURR*RACE  (p  =0.040) 
AGE  (p  =0.050) 

OCC  (p=0.139) 

LWINE  (p=0.015) 

DC  (p =0.102) 

5 

68.29** 

(290) 

67.80** 

(291) 

67.08** 

(286) 

0.046 

-0.0078 

(0.0057)** 

0.167** 

CURR*RACE  (p  =0.020) 
AGE  (p =0.044) 
OCC(p<0.001) 

LWINE  (p=0.014) 

DC  (p =0.105) 

6' 

68.92** 

(289) 

68.02** 

(291) 

66.64** 

(286) 

0.051 

-0.0118 

(0.0061)** 

0.054** 

CURR*RACE  (p  =0.017) 
AGE  (p =0.072) 

OCC  (p  <0.001) 

LWINE  (p =0.017) 

DC  (p  =0.131) 

^  Transformed  from  natural  logarithm  scale. 

^  Model  4:  Log2  (lipid-adjusted  current  dioxin  +  1). 

Model  5:  Log2  (whole-weight  current  dioxin  +  1). 

Model  6:  Lx)g2  (whole-weight  current  dioxin  +  1),  adjusted  for  log2  total  lipids. 

^  Slope  and  standard  error  based  on  natural  logarithm  of  alkaline  phosphatase  versus  log2  (current  dioxin  +  1). 

^  Adjusted  for  log2  total  lipids. 

^  Adjusted  for  log2  total  lipids  in  addition  to  covariates  specified  under  "Covariate  Remarks"  column, 

**  Log2  (current  dioxin  +  l)-by-covariate  interaction  (0.01  <p  <0.05);  adjusted  mean,  adjusted  slope,  standard 
error,  and  p-value  derived  from  a  model  fitted  after  deletion  of  this  interaction;  refer  to  Appendix 
Table  1-2-9  for  further  analysis  of  this  interaction. 

Note:  Model  4:  Low  =  <  8.1  ppt;  Medium  =  >8.1-20.5  ppt;  High  =  >20.5  ppt. 

Models  5  and  6:  Low  =  <  46  ppq;  Medium  =  >46-128  ppq;  High  =  >128  ppq. 
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The  adjusted  Model  3  analysis  contained  a  significant  interaction  between  categorized 
dioxin  and  degreasing  chemical  exposure  (Table  13-18(f):  p=0.012).  Appendix  Table  1-2-9 
presents  adjusted  results  stratified  by  degreasing  chemical  exposure.  In  addition  to  the 
categorized  dioxin-by-degreasing  chemical  exposure  interaction,  the  adjusted  analysis  for 
Model  3  included  age,  occupation,  current  wine  use,  and  the  interaction  between  race  and 
industrial  chemical  exposure.  The  adjusted  analysis  detected  three  significant  contrasts  when 
the  categorized  dioxin-by-degreasing  chemical  exposure  interaction  was  removed  from  the 
final  model.  The  contrasts  for  the  low  Ranch  Hands  and  low  plus  high  Ranch  Hands 
remained  significant  in  the  adjusted  analysis  (Table  13-18(f):  p=0.006  and  p=0.011 
respectively),  and  the  background  Ranch  Hand  contrasts  became  significant  in  the  adjusted 
analysis  (Table  13-18(f):  p =0.043).  The  high  Ranch  Hand  contrast  was  nonsignificant  in  the 
adjusted  analysis  (p=0.239). 

Removing  occupation  from  the  Model  3  analysis  produced  a  change  in  the  adjusted 
results.  When  occupation  and  the  categorized  dioxin-by-degreasing  chemical  exposure 
interaction  were  removed  from  the  final  model,  the  adjusted  results  were  similar  to  the 
unadjusted  results.  This  adjusted  analysis  did  not  find  a  significant  difference  between  the 
background  Ranch  Hands  and  the  Comparisons.  The  contrasts  for  the  low  Ranch  Hands, 
high  Ranch  Hands,  and  low  plus  high  Ranch  Hands  were  significant  (Appendix  Table 
I-3-10(b):  p=0.006,  p=0.024,  and  p=0.001  respectively). 

The  unadjusted  analyses  of  Models  4  through  6  did  not  reveal  a  significant  association 
between  current  dioxin  and  alkaline  phosphatase  (Table  13-18(g):  p>0.26  for  all  analyses). 
Each  of  the  adjusted  analyses  for  Models  4  through  6  contained  a  significant  interaction 
between  current  dioxin  and  race  (Table  13-18(h):  p=0.040,  p=0.020,  and  p=0.017  for 
Models  4,  5,  and  6).  In  addition  to  this  interaction,  all  of  the  adjusted  models  contained  age, 
occupation,  lifetime  wine  history,  and  degreasing  chemical  exposure.  For  Models  4  through 
6,  Appendix  Table  1-2-9  presents  adjusted  results  stratified  by  race.  After  removing  the 
current  dioxin-by-race  interaction  from  Models  4  through  6,  the  adjusted  analyses  of  Models 
4  and  5  did  not  show  a  significant  association  between  alkaline  phosphatase  and  current 
dioxin  (Table  13-18(h);  p>0.13  for  both  analyses).  However,  the  adjusted  Model  6  analysis 
revealed  a  marginally  significant  negative  association  between  current  dioxin  and  alkaline 
phosphatase  (Table  13-18(h);  p=0.054). 

The  adjusted  results  for  Models  4  through  6  resembled  the  unadjusted  results  when 
occupation  was  removed  from  each  of  the  final  models.  Without  occupation,  the  adjusted 
analyses  for  Models  4  through  6  did  not  indicate  a  significant  association  between  alkaline 
phosphatase  and  current  dioxin  (Appendix  Table  I-3-10(c):  p>0.55  for  all  analyses). 

Alkaline  Phosphatase  (Discrete) 

The  unadjusted  Model  1  analysis  detected  a  significant  group  difference  in  the 
proportion  of  alkaline  phosphatase  abnormalities  (Table  13-19(a):  p=0.039,  Est.  RR=1.59, 
95%  C.L  =  [1.04,  2.42]).  Ranch  Hands  were  more  likely  than  Comparisons  to  have 
abnormally  high  levels  of  alkaline  phosphatase  (5.2%  vs.  3.4%).  Stratifying  the  unadjusted 
analysis  by  occupation  revealed  a  significant  difference  between  the  Ranch  Hand  and 
Comparison  enlisted  groundcrew  strata  (Table  13-19(a):  p =0.007,  Est.  RR=2.26,  95% 
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Table  13-19. 

Analysis  of  Alkaline  Phosphatase 
(Discrete) 


a)  MODEL  1:  RANCH  HANDS  VS. 

COMPARISONS 

-UNADJUSTED 

Occupational  Gat^ory 

Group 

n 

Percent 

High 

Est.  Rdative  Risk 
(95%C.I.) 

p-Value 

All 

Ranch  Hand 

939 

5.2 

1.59  (1.04,2.42) 

0.039 

Comparison 

1,253 

3.4 

Officer 

Ranch  Hand 

361 

2.8 

1.06  (0.46,2.44) 

0.999 

Comparison 

495 

2.6 

Enlisted  Flyer 

Ranch  Hand 

162 

4.3 

0.94  (0.34,2.58) 

0.999 

Comparison 

196 

4.6 

Enlisted  Groundcrew 

Ranch  Hand 

416 

7.7 

2.26  (1.27,4.01) 

0.007 

Comparison 

562 

3.6 

b)  MODEL  ! 

:  RANCH  HANDS  VS.  CCMPARISQNS  - 

-ADJUSTED 

Occupational  Category 

:Adj.  Relative  Risk 
<95%  C.I.) 

p-Value 

Covariate  Remarks^ 

All 

1.49  (0.97,2.29) 

0.072 

AGE  (p  <0.001) 

Officer 

1.03  (0.45,2.39) 

0.941 

OCC  (p =0.001) 
DC*LWINE  (p=0.049) 

Enlisted  Flyer 

Enlisted  Groundcrew 

0.81  (0.28,2.34) 

2.14  (1.19,3.84) 

0.699 

0.011 

“  Covariates  and  associated  p-values  correspond  to  final  model  based  on  all  participants  tvith  available  data. 
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Table  13-19.  (Continued) 
Analysis  of  Alkaline  Phosphatase 
(Discrete) 


c)  MODEL  2:  RANCH  BL4NDS INITIAL  DIOXIN m 


Initial  Dioxin  Category  Summary  Statistics 

Percent 

Initial  Dioxin  n  High 


Analysis  Results  for  Log2  (Initial  Dio^dn)^ 

ip-Value 


Estimated  Relative  Risk 
(95%  C.L)^ 


Low 

173 

3.5 

1.07  (0.81,1.41) 

0.631 

Medium 

170 

6.5 

High 

172 

5.8 

d)  MODEL  2:  HANDS  -  INITIAL  DIOXIN  - 

ADJUSTED 

Analysis  Results  for  Logj  (Initial  Dioxin)^ 

'  ^ 

A(U.  Relative  Risk  C  p-Value 

Covariate  Remaiics 

504 

0.93  (0.67,1.31)**  0.695** 

INIT*IC  (p =0.030) 

AGE  (p =0.134) 
OCC*LWINE  (p  =0.021) 

^  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 

^  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 

^  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  ’’Covariate  Remarks"  column. 

**  Log2  (initial  dioxin)-by-covariate  interaction  (0.01  <p<0.05);  adjusted  relative  risk,  confidence  interval, 
and  p“Value  derived  from  a  model  fitted  after  deletion  of  this  interaction;  refer  to  Appendix  Table  I-2>10  for 
further  analysis  of  this  interaction. 

Note:  Low  =  39-98  ppt;  Medium  =  >98-232  ppt;  High  =  >232  ppt. 
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Table  13-19.  (Continued) 
Analysis  of  Alkaline  Phosphatase 
(Discrete) 


«)  MODEL  3:  RANOl  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  —  UNADJUSTED 


Percent  Est.  Rdative  Risk 

Dioxin  Category  n  High  _ (95%  C.I.)°*’ _ _ p-Value 


Comparison 

1,043 

3.1 

Background  RH 

369 

4.9 

1.68  (0.92,3.05) 

0.089 

LowRH 

257 

5.8 

1.86(0.99,3.50) 

0.055 

HighRH 

258 

4.7 

1.50  (0.76,2.97) 

0.247 

Low  plus  High  RH 

515 

5.2 

1.68  (0.99,2.85) 

0.054 

D  MODEL  3: 

RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  —  ADJUSTED 

Dioxin  Category 

n 

Adj.  Rdative  Risk 
(95%  C.L)“.  i 

p«Value  ;: 

Covariate  Roarks 

Comparison 

1,043 

AGE  (p=0.006) 

OCC  (p  <0.001) 

Background  RH 

369 

1.98  (1.07,3.67) 

0.030 

Lx)w  RH 

257 

1.85  (0.98,3.51) 

0.059 

HighRH 

258 

1.26  (0.63,2.54) 

0.516 

Lx)w  plus  High  RH 

515 

1.54  (0.90,2.63) 

0.112 

“  Relative  risk  and  confidence  interval  relative  to  Comparisons. 

*’  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 

Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  "Covariate  Remarks"  column. 

Note;  RH  =  Ranch  Hand. 

Conqiarison:  Current  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  Current  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  Current  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  143  ppt. 

High  (Ranch  Hand):  Current  Dioxin  >  10  ppt.  Initial  Dioxin  >  143  ppt. 
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Table  13-19.  (Continued) 
Analysis  of  Alkaline  Phosphatase 
(Discrete) 


g)  MODELS  4,  5,  AND  6:  RANCH  HANDS  —  CURRENT  DIOXIN  —  UNADJUSTED 


Current  Dioxin  Category 
Percent  High/(n) 

Anaiyds  Results  for  L<^2 
(Cuirent  IMoxin  +  1) 

Mbdd® 

Low 

Medium 

High 

Est.  Relative  Risk 
(95%C.L)‘’ 

p-Value 

4 

3.4 

(290) 

6.0 

(298) 

5.7 

(296) 

1.03  (0.84,1.27) 

0.762 

5 

4.1 

(294) 

5.7 

(297) 

5.5 

(293) 

1.03  (0.86,1.22) 

0.776 

6*= 

4.1 

(293) 

5.7 

(297) 

5.5 

(293) 

0.97  (0.80,1.18) 

0.764 

h)  MODELS  4,  5,  AND  6:  RANCH  HANDS  —  CURRENT  DIOXDJ  —  ADJUSTED 


Analysis  Results  for  Log2  (Current  Dioxin  +  1) 

Model® 

n 

Adj.  Relative  Risk 
(95%  C  J.)** 

p-Value 

Covariate  Remarks 

4 

884 

0.90  (0.73,1.12) 

0.360 

AGE  (p =0.058) 

OCC  (p<0.001) 

5 

884 

0.92  (0.77,1.10) 

0.374 

AGE  (p =0.055) 

OCC  (p <0.001) 

6" 

883 

0.86  (0.71,1.05) 

0.148 

AGE  (p =0.076) 

OCC  (p  <0.001) 

^  Model  4:  Log2  (lipid-adjusted  current  dioxin  +  1). 

Model  5:  Log2  (whole-weight  current  dioxin  +  1). 

Model  6:  Lx)g2  (whole-weight  current  dioxin  +  1),  adjusted  for  log2  total  lipids. 

^  Relative  risk  for  a  twofold  increase  in  current  dioxin. 

^  Adjusted  for  iog2  total  lipids. 

^  Adjusted  for  log2  total  lipids  in  addition  to  covariates  specified  under  "Covariate  Remarks"  column. 

Note:  Model  4:  Low  =  <  8.1  ppt;  Medium  =  >8.1-20.5  ppt;  High  =  >20.5  ppt. 

Models  5  and  6:  Low  =  <  46  ppq;  Medium  =  >46-128  ppq;  High  =  >128  ppq. 
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C.I.  =[1.27,  4.01]).  The  percentage  of  abnormalities  was  higher  for  the  Ranch  Hands  than 
for  the  Comparisons  (7.7%  vs.  3.6%). 

In  the  adjusted  Model  1  analysis,  the  overall  group  contrast  became  marginally 
significant,  and  the  group  contrast  within  the  enlisted  groundcrew  stratum  remained 
significant  (Table  13-19(b):  p=0.072,  Adj.  RR=1.49,  95%  C.I.  =[0.97,  2.29];  p=0.011, 
Adj.  RR=2.14,  95%  C.I. =[1.19,  4.01]  respectively).  The  final  adjusted  model  contained 
age,  occupation,  and  the  interaction  between  degreasing  chemical  exposure  and  lifetime  wine 
history. 

The  unadjusted  Model  2  results  did  not  reveal  a  significant  association  between  alkaline 
phosphatase  and  initial  dioxin  (Table  13-19(c):  p=0.631).  The  adjusted  analysis  contained  a 
significant  interaction  between  initial  dioxin  and  industrial  chemical  exposure  (Table 
13-19(d):  p=0.030).  In  addition  to  this  interaction,  the  adjusted  model  also  included  age  and 
the  occupation-by-lifetime  wine  history  interaction.  Appendix  Table  1-2-10  presents  adjusted 
results  stratified  by  industrial  chemical  exposure.  The  adjusted  analysis  did  not  find  a 
significant  association  between  alkaline  phosphatase  and  initial  dioxin  when  the  initial  dioxin- 
by-industrial  chemical  exposure  interaction  was  removed  from  the  final  model  (Table 
13-19(d):  p=0.695). 

Examination  of  the  unadjusted  Model  3  results  revealed  marginally  significant  relative 
risks  greater  than  one  for  each  Ranch  Hand  category  other  than  the  high  Ranch  Hand 
category;  (Table  13-19(e):  p=0.089,  Est.  RR=1.68,  95%  C.I.  =  [0.92,  3.05]  for  the 
background  Ranch  Hands;  p=0.055,  Est.  RR=1.86,  95%  C.I.  =[0.99,  3.50]  for  the  low 
Ranch  Hands;  and  p=0.054,  Est.  RR=1.68,  95%  C.I.  =[0.99,  2.85]  for  the  low  plus  high 
Ranch  Hands).  The  percentages  of  alkaline  phosphatase  abnormalities  for  the  background 
Ranch  Hands,  low  Ranch  Hands,  low  plus  high  Ranch  Hands,  and  the  Comparison  group 
were  4.9  percent,  5.8  percent,  5.2  percent,  and  3.1  percent  respectively. 

After  adjusting  for  age  and  occupation,  the  relative  risk  for  the  background  Ranch 
Hands  became  significant,  and  the  relative  risk  for  the  low  Ranch  Hands  remained 
marginally  significant  (Table  13-19(f):  p=0.030,  Adj.  RR=1.98,  95%  C.I.  =  [1.07,  3.67]); 
p=0.059,  Adj.  RR=1.85,  95%  C.I.  =  [0.98,  3.51]  respectively).  For  the  low  plus  high 
Ranch  Hand  category,  the  relative  risk  became  nonsignificant  (Table  13-19(f):  p=0.112). 

Results  from  the  adjusted  analysis  changed  when  occupation  was  removed  from  Model 
3.  Without  occupation,  the  adjusted  analysis  detected  a  significant  relative  risk  for  the  low 
plus  high  Ranch  Hands  and  a  marginally  significant  relative  risk  for  the  low  Ranch  Hands 
(Appendix  Table  I-3-ll(b):  p=0.047,  Adj.  RR=1.71,  95%  C.I. =[1.01,  2.91];  p=0.070, 
Adj.  RR=1.80,  95%  C.I.  =  [0.95  ,  3.39]  respectively).  The  background  Ranch  Hands  and 
Comparisons  were  not  significantly  different  in  this  analysis  (Appendix  Table  1-3-1 1(b): 

p=0.111). 

The  unadjusted  and  adjusted  analyses  for  Models  4  through  6  did  not  detect  a  significant 
association  between  alkaline  phosphatase  and  current  dioxin  (Table  13-19(g,h):  p>0.14  for 
all  analyses).  The  adjusted  model  contained  age  and  occupation. 
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Total  BOirubin  (Continuous) 

The  unadjusted  and  adjusted  Model  1  results  did  not  reveal  a  significant  group 
difference  in  the  mean  levels  of  total  bilirubin  (Table  13-20(a,b):  p>0.16  for  all  contrasts). 
The  adjusted  Model  1  analysis  included  occupation,  current  alcohol  use,  and  the  age-by¬ 
industrial  chemical  exposure  interaction. 

For  Model  2,  the  unadjusted  and  adjusted  analyses  did  not  reveal  a  significant 
association  between  total  bilirubin  and  initial  dioxin  (Table  13-20(c,d):  p>0.37  for  both 
analyses).  Occupation  was  the  only  significant  covariate  in  Model  2. 

The  unadjusted  Model  3  analysis  revealed  a  significant  and  a  marginally  significant 
negative  contrast  for  the  high  Ranch  Hands  and  the  low  plus  high  Ranch  Hands  respectively 
(Table  13-20(e):  p=0.033  and  p=0.080).  The  mean  levels  of  total  bilirubin,  adjusted  for 
percent  body  fat  at  the  time  of  duty  in  SEA  and  the  change  in  percent  body  fat  firom  the  time 
of  duty  in  SEA  to  the  date  of  the  blood  draw  for  dioxin,  for  the  high  Ranch  Hands,  low  plus 
high  Ranch  Hands,  and  Comparisons  were  0.59  mg/dl,  0.61  mg/dl,  and  0.63  mg/dl 
respectively. 

The  adjusted  analysis  of  Model  3  did  not  reveal  a  significant  contrast  involving  the 
Comparisons  (Table  13-20(f):  p>0.11  for  all  contrasts).  The  adjusted  analysis  included  age, 
occupation,  and  current  alcohol  use.  Results  from  the  adjusted  model  changed  slightly  when 
occupation  was  removed  from  the  analysis.  Without  occupation,  the  adjusted  Model  3 
analysis  revealed  a  marginally  significant  negative  difference  between  the  high  Ranch  Hand 
category  and  the  Comparison  group  (Appendix  Table  I-3-12(a):  p=0.074). 

The  unadjusted  analyses  for  Models  4  through  6  did  not  show  a  significant  association 
between  total  bilirubin  and  current  dioxin  (Table  13-20(g):  p>0.28  for  all  analyses).  For 
Model  4,  the  adjusted  analysis  contained  a  significant  interaction  between  current  dioxin  and 
degreasing  chemical  exposure  (Table  13-20(h):  p=0.048).  Appendix  Table  1-2-11  presents 
adjusted  results  stratified  by  degreasing  chemical  exposure.  The  adjusted  analysis  for  Model 
4  also  contained  occupation  and  the  age-by-race  interaction.  After  removing  the  interaction 
between  current  dioxin  and  degreasing  chemical  exposure  from  the  final  model,  the  adjusted 
Model  4  analysis  did  not  reveal  a  significant  association  between  total  bilirubin  and  current 
dioxin  (Table  13-20(h):  p=0.774). 

The  adjusted  analyses  for  Models  5  and  6  did  not  indicate  a  significant  association 
between  total  bilirubin  and  current  dioxin  (Table  13-20(h):  p>0.46  for  both  analyses).  Both 
of  the  adjusted  models  contained  occupation  and  the  age-by-race  interaction. 

Total  Bilirubin  (Discrete) 

The  unadjusted  and  adjusted  Model  1  analyses  did  not  reveal  a  significant  group 
difference  in  the  percentage  of  total  bilirubin  abnormalities  (Table  13-21(a,b):  p>0.54  for  all 
contrasts).  The  adjusted  model  contained  the  current  alcohol  use-by-lifetime  alcohol  history 
interaction. 
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Table  13-20. 

Analysis  of  Total  Bilirubin  (mg/dl) 
(Continuous) 


HANDS  vs.  COMPARISONS  -  UNADJUSTED 


Occupational  Differoice  of  Means 

Category  Group  n  Mean^  (95%  C.I.)^  p-Value*^ 


AU 

Ranch  Hand 

939 

0.62 

-O.OI  - 

0.469 

Comparison 

1,253 

0.63 

Officer 

Ranch  Hand 

361 

0.65 

0.01  ~ 

0.593 

Comparison 

495 

0.64 

Enlisted  Flyer 

Ranch  Hand 

162 

0.58 

-0.04  - 

0.161 

Comparison 

196 

0.61 

Enlisted  Groundcrew 

Ranch  Hand 

416 

0.62 

-0.01  - 

0.561 

Comparison 

562 

0.63 

b)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS —  ADJUSTED 

Occupational 

Adj. 

DifFeroice  of  Adj. 

Category 

Group 

n 

Mean® 

Means  (95%  C.!.)** 

p-Value*^ 

Covariate  Ronarks*^ 

All 

Ranch  Hand 

929 

0.61 

-0.01  - 

0.600 

OCC  (p=0.022) 

Comparison 

1,235 

0.62 

ALC  (p <0.001) 

AGE*IC  (p=0.030) 

Officer 

Ranch  Hand 

361 

0.64 

0.01  - 

0,645 

Comparison 

488 

0.63 

Enlisted  Flyer 

Ranch  Hand 

159 

0.58 

-0.03  - 

0.221 

Comparison 

196 

0.61 

Enlisted 

Ranch  Hand 

409 

0.62 

-0.01  ~ 

0.637 

Groundcrew 

Comparison 

551 

0.63 

®  Transformed  from  natural  logarithm  scale. 


*"  Difference  of  means  after  transformation  to  original  scale;  confidence  interval  on  difference  of  means  not 
presented  because  analysis  was  performed  on  natural  logarithm  scale. 

®  P-values  based  on  difference  of  means  on  natural  logarithm  scale. 

**  Covariates  and  associated  p-values  correspond  to  final  model  based  on  all  participants  with  available  data. 
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Table  13-20.  (Continued) 
Analysis  of  Total  Bilirubin  (mg/dl) 
(Continuous) 


c)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  -  UNADJUSTED 


Initial  Dioxin  Category  Summaiy  Statistics 

Analysis  Results  for  Logj  (Initial  Dioxin)*’ 

Initial  Dioxin 

n 

Mean® 

Adj. 

Mean®*’ 

R* 

I;;;:'.:, /Slope  - 
(Std.  Error)'’ 

p-Value 

Low 

173 

0.65 

0.65 

0.005 

-0.0125  (0.0140) 

0.374 

Medium 

170 

0.59 

0.59 

High 

172 

0.60 

0.60 

d)  MODEL  2:  RANCH  HANDS  --  INmAL  DIOMN  --  ADJU^ 


Initial  Dioxin  Category  Summary 
Statistics 


Analysis  Results  for  Log2  (Initial  Diox^ 


Initial  Dioxin 

Adj. 

Mean®'* 

■  Adj.VSlope  :’^  '' ; 
;:::0::;CStd.Err6t)':^ 

Covariate  Remarks 

Low 

173 

0.64 

0.020 

0.0013  (0.0159)  0.934 

OCC  (p=0.021) 

Medium 

170 

0.59 

High 

172 

0.61 

^  Transformed  from  natural  logarithm  scale. 


^  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 


^  Slope  and  standard  error  based  on  natural  logarithm  of  total  bilirubin  versus  log2  (initial  dioxin). 

^  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  "Covariate  Remarks”  column. 

Note:  Low  =  39-98  ppt;  Medium  =  >98-232  ppt;  High  =  >232  ppt. 
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Table  13-20.  (Continued) 
Analysis  of  Total  Bilirubin  (mg/dl) 
(Continuous) 


e)  MODEL  3:  RANCH  HANDS  AM)  COMPARISONS  BY  DIOXIN  CATEGORY  -  UNADJUSTED 

DifTeraice  of  Adj. 

Adj.  Mean  vs.  Comparisons 

Dioxin  Gat^ory _ _n _ Mean^  Mean^  {95%  C.L)‘^ _ p-Value^ 


Comparison 

1,043 

0.63 

0.63 

Background  RH 

369 

0.63 

0.64 

0.01  - 

0.721 

Low  RH 

257 

0.62 

0.62 

-0.01  - 

0.561 

High  RH 

258 

0.60 

0.59 

-0.04  - 

0.033 

Low  plus  High  RH 

515 

0.61 

0.61 

-0.02  - 

0.080 

0  MODEL  3;  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  -  ADJUSTED 

DifTerence  of  Adj. 

Adj.  Mean  vs.  Comparisons 


Dioxin  Category 

n 

Mean^ 

(95%C.L)' 

p-Value'’ 

Covariate  Remarks 

Comparison 

1,027 

0.62 

0.00- 

0.888 

AGE  (p =0.058) 
OCC  (p =0.084) 
ALC  (p  <0.001) 

Background  RH 

367 

0.63 

Low  RH 

254 

0.62 

-0.01  - 

0.700 

High  RH 

254 

0.60 

-0.03  - 

0.114 

Low  plus  High  RH 

508 

0.61 

-0.02  - 

0.198 

*  Transformed  from  natural  logarithm  scale. 

*’  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 

'  Difference  of  adjusted  means  after  transformation  to  original  scale;  confidence  interval  on  difference  of 
adjusted  means  not  presented  because  analysis  was  performed  on  natural  logarithm  scale. 

P-value  is  based  on  difference  of  means  on  natural  logarithm  scale. 

®  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  "Covariate  Remarks"  column. 

Note:  RH  =  Ranch  Hand. 

Comparison:  Current  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  Current  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  Current  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  ^  143  ppt. 

High  (Ranch  Hand):  Current  Dioxin  >  10  ppt.  Initial  Dioxin  >  143  ppt. 


13-104 


Table  13-20.  (Continued) 
Analysis  of  Total  Bilirubin  (mg/dl) 
(Continuous) 


g)  MODELS  4,  5,  AISD  6:  RANCH  HANDS  —  CURRENT  DIOXIN  —  UNADJUSTED 


Current  Dioxin  Cat^orj 
Mean®/(n) 

Analysis  Results  for  Log2 
(Cnirent  Dioxin  +  1) 

Model*’ 

Low 

Medium 

High 

R* 

Slope 

(Std.  Error)' 

p-Value 

4 

0.63 

(290) 

0.64 

(298) 

0.59 

(296) 

0.001 

-0.0088 

(0.0093) 

0.343 

5 

0.63 

(294) 

0.63 

(297) 

0.60 

(293) 

<0.001 

-0.0041 

(0.0080) 

0.607 

6** 

0.64 

(293) 

0.63 

(297) 

0.59 

(293) 

0.003 

-0.0093 

(0.0086) 

0.281 

h)  MODELS  4/  5,  AND  6:  RANCH  HANDS  —  CURRENT  DIOXIN  —  ADJUSTED 


Model” 

Current  Dioxin  Category 
Adjusted  Mean^/(n) 

Low  Medium  High 

R" 

Analysis  Results  for  Logj 
(Current  Dioxin  +  1) 

"Adj. 'Slope  ’ 

(Std.  Error)'  p-Value  Covariate  Remarks 

4 

0.61** 

(290) 

0.63** 

(298) 

0.59** 

(296) 

0.022 

0.0031 

(0.0106)** 

0.774** 

CURR*DC  (p =0.048) 

OCC  (p =0.007) 
AGE*RACE  (p =0.029) 

5 

0.61 

(294) 

0.62 

(297) 

0.61 

(293) 

0.017 

0.0065 

(0.0090) 

0.469 

OCC  (p =0.011) 
AGE*RACE  (p =0.027) 

6' 

0.62 

(293) 

0.62 

(297) 

0.60 

(293) 

0.019 

0.0019 

(0.0097) 

0.847 

OCC  (p =0.0 15) 
AGE*RACE  (p=0.032) 

^  Transformed  from  natural  logarithm  scale. 

^  Model  4:  Log2  (lipid-adjusted  current  dioxin  +  1). 

Model  5:  Log2  (whole-weight  current  dioxin  +1). 

Model  6:  Log2  (whole-weight  current  dioxin  +  1),  adjusted  for  log2  total  lipids. 

^  Slope  and  standard  error  based  on  natural  logarithm  of  total  bhirubin  versus  log2  (current  dioxin  -f  1). 

^  Adjusted  for  log2  total  lipids. 

®  Adjusted  for  log2  total  lipids  in  addition  to  covariates  specified  under  ”Covariate  Remarks"  column. 

**  Log2  (current  dioxin  +  l)-by-covariate  interaction  (0.01  <p<0.05);  adjusted  mean,  adjusted  slope,  standard 
error,  and  p-value  derived  from  a  model  fitted  after  deletion  of  this  interaction;  refer  to  Appendix 
Table  1-2-11  for  further  analysis  of  this  interaction. 

Note:  Model  4:  Low  =  <  8.1  ppt;  Medium  =  >8.1-20.5  ppt;  High  =  >20.5  ppt. 

Models  5  and  6:  Low  =  <  46  ppq;  Medium  =  >46-128  ppq;  High  =  >128  ppq. 
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Table  13-21. 

Analysis  of  Total  Bilirubin 
(Discrete) 


a)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS  —  UNADJUSTED 


Gccupatidnal  Cat^ory 

Group 

n 

Percent 

High 

Est.  Rdative  Risk  . 
(95%  C.I.) 

p-Value 

All 

Ranch  Hand 

939 

5.1 

1.07  (0.73,1.58) 

0.805 

Comparison 

1,253 

4.8 

Officer 

Ranch  Hand 

361 

5.8 

1.11  (0.62,2.01) 

0.837 

Comparison 

495 

5.3 

Enlisted  Flyer 

Ranch  Hand 

162 

3.1 

0.75  (0.24,2.33) 

0.828 

Comparison 

196 

4.1 

Enlisted  Groimdcrew 

Ranch  Hand 

416 

5.3 

1.15  (0.64,2.06) 

0.746 

Comparison 

562 

4.6 

b)  MODEL! 

:  RANCH  HANDS  VS.  COMPARISONS  - 

-  ADJUSTED 

Occupational  Category 

Adj.  Relative  Risk 
(95%  C.I.) 

p-Value 

Covariate  Remariks^ 

All 

1.10  (0.74,1.63) 

0.632 

ALC*DRKYR  (p =0.0 15) 

Officer 

1.12  (0.62,2.03) 

0.702 

Enlisted  Flyer 

0.78  (0.25,2.45) 

0.674 

Enlisted  Groundcrew 

1.20  (0.66,2.16) 

0.549 

®  Covariates  and  associated  p-values  correspond  to  final  model  based  on  all  participants  with  available  data. 
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Table  13-21.  (Continued) 
Analysis  of  Total  Bilirubin 
(Discrete) 


c)  MODEL  2;  RANCH  HANDS  -  INITIAL  DIOXEV  —  UNADJUSTED 


Initiai  Dioxin  Categoiy  Summary  Statistics 

Analysis  Results  for  Logj  Obiitial  Dionn)^ 

Initial  Dioxin 

n 

Percent 

High 

E^imated  Relative  Risk 
(9S%C.L)^ 

p-Vaiue 

Low 

173 

6.9 

0.97  (0.71,1.33) 

0.844 

Medium 

.  170 

2.4 

High 

172 

4.7 

d)  MODEL  2:  RANCH  HANDS 

-  INITIAL  DIQXIN^-^ 

pwrusiED 

Analysis  Results  for  Lpgj  (Initial  Dioxin)' 

n 

Adj.  Relative  Risk  (95%  C.I.)'’ 

p- Value 

Covariate  Remarks 

502 

0.88  (0.64,1.22)** 

0.449** 

INIT*IC  (p =0.026) 

DC  (p =0.004) 
RACE*DRKYR  (p=0.019) 
ALC*DRKYR  (p =0.009) 

“  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 

**  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 

Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  "Covariate  Remarks"  column. 

**  Log2  (initial  dioxin)-by-covariate  interaction  (0.01  <p<0.05);  adjusted  relative  risk,  confidence  interval, 
and  p-value  derived  from  a  model  fitted  after  deletion  of  this  interaction;  refer  to  Appendix  Table  1-2-12  for 
further  analysis  of  this  interaction. 

Note:  Low  =  39-98  ppt;  Medium  =  >98-232  ppt;  High  =  >232  ppt. 
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Table  13-21.  (Continued) 
Analysis  of  Total  Bilirubin 
(Discrete) 


e)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  -  UNADJUSTED 


Percent  Est.  Rdative  Risk 

IMoxiii  Category _ n _ High _ (95%  C.l.)^ _ p-Value 


Comparison 

1,043 

5.0 

Background  RH 

369 

5.4 

1.12  (0.65,1.91) 

0.682 

Low  RH 

257 

4.7 

0.92  (0.48,1.75) 

0.795 

High  RH 

258 

4.7 

0.92  (0.48,1.75) 

0.788 

Low  plus  High  RH 

515 

4.7 

0.92  (0.56,1.51) 

0.732 

f)  Model  3: 

RAiSCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  —  ADJUSTED 

Dioxin  Category 

■  n'-'.  • 

Adj.  Relative  Risk 
(95%  C.L)“ 

p-Value 

Covariate  Raonarks 

Comparison 

1,025 

ALC*DRKYR  (p  =0.014) 

Background  RH 

362 

1.17  (0.68,2.00) 

0.572 

Lx)wRH 

251 

0.97  (0.51,1.86) 

0.934 

HighRH 

251 

0.90  (0.47,1.73) 

0.753 

Low  plus  High  RH 

502 

0.94  (0.57,1.55) 

0.796 

^  Relative  risk  and  confidence  interval  relative  to  Comparisons. 

Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 

Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  "Covariate  Remarks"  column. 

Note:  RH  =  Ranch  Hand. 

Comparison:  Current  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  Current  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  Current  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  143  ppt. 

High  (Ranch  Hand):  Current  Dioxin  >  10  ppt.  Initial  Dioxin  >  143  ppt. 
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Table  13-21.  (Continued) 
Analysis  of  Total  Bilirubin 
(Discrete) 


g).MODELS  4,  5,  AM)  6:  RANCH  HANDS  -  CURRENT  DIOXIN  -  UNADJUSTED 


Current  Dioxin  Gat^oiy 
Percent  High/(n) 

Analysis  Resnlts  for  Log2 
(Current  Dioxin  -f  1) 

Model^ 

Low 

Medium 

High 

Est.  Relative  Risk 
(95%  C.I.)*’ 

p-Value 

4 

5.5 

(290) 

5.4 

(298) 

4.1 

(296) 

0.94(0.76,1.16) 

0.550 

5 

5.4 

(294) 

4.7 

(297) 

4.8 

(293) 

0.97  (0.81,1.16) 

0.768 

6*= 

5.5 

(293) 

4.7 

(297) 

4.8 

(293) 

0.92  (0.76,1.12) 

0.415 

h)  MODELS  4,  5,  AND  6:  RANCH  HAM)S  ^ 


ModeP 

Adj.  Relative  Ri^ 
(95%  C.I.)'’ 

;ults  tor  ;Lbg2  (b 

rehi^'Dioxin  -f''' ■!)  ■ 

Covaiiate  Remarks 

4 

875 

0.93  (0.75,1.16)** 

0.527** 

CURR*DC  (p =0.020) 

IC  (p=0.066) 

AGE*ALC  (p=0.015) 

5 

875 

0.97  (0.81,1.17)** 

0.776** 

CURR*DC  (p =0.024) 

IC  (p=0.067) 

AGE*ALC  (p =0.017) 

6“ 

874 

0.92(0.75,1.12)** 

0.388** 

CURR*DC  (p =0.024) 

IC(p=0.057) 

DC*ALC  (p =0.050) 

AGE*ALC  (p=0.013) 

®  Model  4:  Log2  (lipid-adjusted  current  dioxin  +  1). 

Model  5:  Log2  (whole-weight  current  dioxin  -I-  1). 

Model  6:  Log2  (whole-weight  current  dioxin  +  1),  adjusted  for  log2  total  lipids. 

**  Relative  risk  for  a  twofold  increase  in  current  dioxin. 

Adjusted  for  log2  total  lipids. 

Adjusted  for  log2  total  lipids  in  addition  to  covariates  specified  under  "Covariate  Remarks"  column. 

**  Log2  (current  dioxin  -f  l)-by-covariate  interaction  (0.01  <p  <0.05);  adjusted  relative  risk,  confidence 
interval,  and  p-value  derived  from  a  model  fitted  after  deletion  of  this  interaction;  refer  to  Appendix  Table 
1-2-12  for  further  analysis  of  this  interaction. 

Note:  Model  4:  Low  =  <  8.1  ppt;  Medium  =  >8.1-20.5  ppt;  High  =  >20.5  ppt. 

Models  5  and  6:  Low  =  <  46  ppq;  Medium  =  >46-128  ppq;  High  =  >  128  ppq. 


13-109 


For  Model  2,  the  unadjusted  analysis  did  not  reveal  a  significant  association  between 
total  bilirubin  and  initial  dioxin  (Table  13-21(c):  p=0.844).  The  adjusted  Model  2  analysis 
detected  a  significant  interaction  between  initial  dioxin  and  industrial  chemical  exposure 
(Table  13-21(d):  p=0.026).  Appendix  Table  1-2-12  presents  adjusted  results  stratified  by 
industrial  chemical  exposure.  The  adjusted  analysis  contained  degreasing  chemical  exposure 
and  two  c6variate-by-co variate  interactions:  race-by-lifetime  alcohol  history  and  current 
alcohol  use-by-lifetime  alcohol  history.  The  adjusted  analysis  of  Model  2  did  not  reveal  a 
significant  association  between  total  bilirubin  and  initial  dioxin  when  the  initial  dioxin-by¬ 
industrial  chemical  exposure  interaction  was  removed  from  the  final  model  (Table  13-2 1(d): 
p=0.449). 


The  unadjusted  and  adjusted  Model  3  results  did  not  show  any  of  the  four  Ranch  Hand 
categories  to  be  significantly  different  from  the  Comparison  group  (Table  13-21(e,f):  p>0.57 
for  all  contrasts).  The  adjusted  model  contained  an  interaction  between  current  alcohol  use 
and  lifetime  alcohol  history. 

The  unadjusted  analyses  for  Models  4  through  6  did  not  reveal  a  significant  association 
between  total  bilirubin  and  current  dioxin  (Table  13-21(g):  p>0.41  for  all  analyses).  Each 
of  the  adjusted  analyses  contained  a  significant  interaction  between  current  dioxin  and 
degreasing  chemical  exposure  (Table  13-21(h):  p=0.020,  p=0.024,  and  p=0.024  for  Models 
4,  5,  and  6  respectively).  Appendix  Table  1-2-12  presents  adjusted  results  stratified  by 
degreasing  chemical  exposure  for  Models  4  through  6.  Besides  the  current  dioxin-by¬ 
degreasing  chemical  interaction,  the  adjusted  analyses  for  Models  4  and  5  contained 
industrial  chemical  exposure  and  the  age-by-current  alcohol  use  interaction.  Model  6 
contained  industrial  chemical  exposure,  the  degreasing  chemical  exposure-by-current  alcohol 
use  interaction,  and  the  age-by-current  alcohol  use  interaction.  The  adjusted  analyses  for 
Models  4  through  6  did  not  reveal  a  significant  association  between  total  bilirubin  and 
current  dioxin  when  the  current  dioxin-by-degreasing  chemical  exposure  interaction  was 
removed  from  each  of  the  final  models  (Table  13-12(h):  p>0.38  for  all  analyses). 

Direct  Bilirubin 

The  unadjusted  Model  1  analysis  did  not  show  a  significant  overall  group  difference  in 
the  percentage  of  direct  bilirubin  abnormalities  (Table  13-22(a):  p =0.127).  However, 
stratifying  the  analysis  by  occupation  revealed  a  significant  group  difference  within  the 
enlisted  groundcrew  stratum  (Table  13-22(a):  p=0.022,  Est.  RR=0.23,  95%  C.I.  =  [0.07, 
0.80].  Among  the  enlisted  groundcrew.  Ranch  Hands  had  a  significantly  lower  percentage  of 
abnormalities  than  Comparisons  (0.7%  vs.  3.0%). 

After  adjusting  for  occupation  and  the  current  alcohol  use-by-industrial  chemical 
exposure  interaction,  the  adjusted  Model  1  analysis  did  not  show  a  significant  difference 
between  Ranch  Hands  and  Comparisons  (Table  13-22(b):  p  =0.1 11).  Similar  to  the 
unadjusted  analysis,  the  stratified  adjusted  analysis  revealed  a  significant  group  difference 
within  the  enlisted  groundcrew  stratum  (Table  13-22(b);  p =0.026,  Adj.  RR=0.24,  95% 

C.I.  =  [0.07,  0.84]). 
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Table  13-22. 

Analysis  of  Direct  Bilirubin 


a)  MODEL  1:  RANCH 

COMP^SONS 

-UNADJUSTED 

Parent 

£st.  Relative  Risk 

Occupational  Cat^ory 

Group 

n 

High 

(95%C.I.) 

p-Vaiue 

Att 

Ranch  Hand 

938 

1.4 

0.57  (0.30,1.10) 

0.127 

Comparison 

1,253 

2.4 

Officer 

Ranch  Hand 

361 

2.5 

1.13  (0.46,2.74) 

0.976 

Comparison 

495 

2.2 

Enlisted  Flyer 

Ranch  Hand 

161 

0.6 

0.61  (0.05,6.75) 

0.999 

Comparison 

196 

1.0 

Enlisted  Groundcrew 

Ranch  Hand 

416 

0.7 

0.23  (0.07,0.80) 

0.022 

Comparison 

562 

3.0 

:  RANCH 

1 

1 

-ADJUSTED 

Adj.  Relative  Risk 

Occupational  Category 

(95%C.L) 

p-Value 

Covariate  Rmarks^ 

All 

0.59  (0.31,1.15) 

0.111 

OCC  (p  =0.060) 

Officer 

1.12  (0.46,2.73) 

0.810 

ALC*IC  (p=0.042) 

Enlisted  Flyer 

0.67  (0.06,7.53) 

0.742 

Enlisted  Groundcrew 

0.24  (0.07,0.84) 

0.026 

Covariates  and  associated  p-values  correspond  to  final  model  based  on  all  participants  with  available  data. 
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Table  13-22.  (Continued) 
Analysis  of  Direct  Bilirubin 


c)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  —  UNADJUSTED 


Initial  Dioxin  Category  Summary  Statistics 

Analysis  Results  for  Logj  (Initial  Dioxin)^ 

Initial  Dioxin 

n 

Percent 

High 

E^^^^  Relative  Risk 
(95^  C.I.)” 

p-Value 

Low 

173 

2.3 

0.73  (0.36,1.46) 

0.348 

Medium 

170 

0.0 

High 

172 

1.2 

d)  MODEL  2;  RANCH  HANDS  -  INITIAL  DIOXIN  -  ADJUSTED 
Analysis  Results  for  Logj  (Initial  Dioxin)® 

n  Adj.  Relative  Risk  (95%  C.!;)** _ p-Value _  Coyariate  Remarks 

515 _ 0.73  (0.36,1.46) _ 0-348  _ 

®  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 

**  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 

Note:  Low  =  39-98  ppt;  Medium  =  >98-232  ppt;  High  =  >232  ppt. 
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Table  13-22.  (Continued) 
Analysis  of  Direct  Bilirubin 


e)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY 

-UNADJUSTED 

Dioxin  Categoiy 

Percent 

High 

f£st.  Relative  Risk 
(95%  C.L)^ 

p- Value 

Comparison 

1,043 

2.3 

Backgrotmd  RH 

369 

1.4 

0.71  (0.27,1.91) 

0.503 

LowRH 

257 

1.6 

0.61  (0.21,1.78) 

0.363 

High  RH 

258 

0.8 

0.27(0.06,1.16) 

0.078 

Low  plus  High  RH 

515 

1.2 

0.43  (0.17,1.07) 

0.069 

f)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  -  ADJUSTED 


Adj.  Relative  Risk 

Dioxin  Cat^ory 

n 

(95%  C.L)^ 

p-Value 

Govariate  Remarks 

Comparison 

1,027 

OCC  (p =0.048) 

IC  (p=0.011) 

Background  RH 

367 

0.67  (0.24,1.86) 

0.441 

RACE* AGE  (p =0.035) 

AGE*ALC  (p  =0.039) 

LowRH 

254 

0.62(0.21,1.89) 

0.403 

HighRH 

254 

0.34  (0.08,1.49) 

0.151 

Low  plus  High  RH 

508 

0.49(0.19,1.23) 

0.127 

®  Relative  risk  and  confidence  interval  relative  to  Comparisons. 

Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 

'  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  "Covariate  Remarks"  column. 

Note:  RH  =  Ranch  Hand. 

Comparison:  Current  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  Current  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  Current  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  ^  143  ppt. 

High  (Ranch  Hand):  Current  Dioxin  >  10  ppt.  Initial  Dioxin  >  143  ppt. 
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Table  13-22.  (Continued) 
Analysis  of  Direct  Bilirubin 


g)  MODELS  4,  5,  AND  6:  RANCH  HANDS  —  CURRENT  DIOXIN  -  UNADJUSTED 

-  ■ 

Current  Dioxin  Cat^ory 
Percent  High/(n) 

Analysis  Results  for  Log2 
(Currrait  Dioxin  -1-  1) 

Est.  Relative  Risk 

Model® 

Low 

Medium 

High 

(95%  C.L)'’  p-Value 

4 

1.0 

2.0 

0.7 

0.86(0.56,1.32)  0.488 

(290) 

(298) 

(296) 

5 

0.3 

2.4 

1.0 

1.00(0.70,1.42)  0.990 

(294) 

(297) 

(293) 

6" 

0.3 

2.4 

1.0 

0.70  (0.48,1.02)  0.075 

(293) 

(297) 

(293) 

h)  MODELS  4,  5,  AND  6:  RANCH  HANDS  - 

CURRIOT  DIOXIN  -^  ADJUSTED 

Analysis  Results  for  Ix)g2  (Guirent  ^ 

Model® 

n 

Adj.  Relative  Risk 
(95%  C.!.)” 

p-Value 

Covariate  Remarks 

4 

864 

1.19(0.68,2.11)** 

0.539** 

CURR*DRKYR  (p=0.028) 

OCC  (p =0.028) 

5 

864 

1.42  (0.86,2.35)** 

0.156** 

CURR*DRKYR  (p=0.004) 

OCC  (p =0.004) 

6^ 

863 

0.88  (0.54,1.44)** 

0.621** 

CURR*DRKYR  (p=0.039) 

OCC  (p  =0.045) 

®  Model  4:  Log2  (lipid-adjusted  current  dioxin  +  1). 

Model  5;  Log2  (whole-weight  current  dioxin  -1-1). 

Model  6:  Log2  (whole-weight  current  dioxin  -f  1),  adjusted  for  log2  total  lipids. 

*’  Relative  risk  for  a  twofold  increase  in  current  dioxin. 

^  Adjusted  for  log2  total  lipids. 

Adjusted  for  log2  total  lipids  in  addition  to  covariates  specified  under  "Covariate  Remarks"  column. 

**  Log2  (current  dioxin  -I-  l)-by-covariate  interaction  (p<0.05);  adjusted  relative  risk,  confidence  interval,  and 
p-value  derived  from  a  model  fitted  after  deletion  of  this  interaction;  refer  to  Appendix  Table  1-2-13  for 
further  analysis  of  this  interaction. 

Note:  Model  4:  Lx)w  =  <  8.1  ppt;  Medium  =  >8.1-20.5  ppt;  High  =  >20.5  ppt. 

Models  5  and  6:  Low  =  <  46  ppq;  Medium  =  >46-128  ppq;  High  =  >128  ppq. 
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The  unadjusted  Model  2  results  did  not  show  a  significant  association  between  direct 
bilirubin  and  initial  dioxin  (Table  13-22(c):  p=0.348).  The  adjusted  results  were  identical  to 
the  unadjusted  results  because  no  covariates  were  retained  in  the  final  model. 

The  unadjusted  Model  3  analysis  revealed  two  marginally  significant  contrasts:  high 
Ranch  Hands  versus  Comparisons  and  low  plus  high  Ranch  Hands  versus  Comparisons 
(Table  13-22(e):  p=0.078,  Est.  RR=0.27,  95%  C.I.=[0.06,  1.16];  p=0.069,  Est. 
RR=0.43,  95%  C.I.  =  [0.17,  1.07]).  The  percentages  of  individuals  with  high  levels  of 
direct  bilirubin  among  high  Ranch  Hands,  low  plus  high  Ranch  Hands,  and  Comparisons 
were  0.8  percent,  1.2  percent,  and  2.3  percent  respectively. 

After  covariate  adjustment,  the  Model  3  analysis  did  not  show  any  of  the  Ranch  Hand 
categories  to  be  significantly  different  from  the  Comparison  group  (Table  13-22(f):  p>0.12 
for  all  contrasts).  The  adjusted  model  contained  occupation,  industrial  chemical  exposure, 
and  two  covariate-by-co variate  interactions:  race-by-age  and  age-by-current  alcohol  use. 

The  results  of  the  adjusted  Model  3  analysis  without  occupation  resembled  the  unadjusted 
results.  Excluding  occupation,  the  adjusted  analysis  revealed  two  marginally  significant 
contrasts,  high  Ranch  Hands  versus  Comparisons  and  low  plus  high  Ranch  Hands  versus  the 
Comparison  group  (Appendix  Table  1-3-13:  p=0.079  and  p=0.083  respectively). 

The  unadjusted  analyses  of  Models  4  and  5  did  not  indicate  a  significant  association 
between  direct  bilirubin  and  current  dioxin  (Table  13-22(g):  p>0.48  for  both  analyses). 
However,  the  unadjusted  Model  6  analysis  detected  a  marginally  negative  significant 
association  (Table  13-22(g):  p=0.075,  Est.  RR=0.70,  95%  C.I.=[0.48,  1.02]). 

Each  of  the  adjusted  analyses  for  Models  4  through  6  contained  a  significant  interaction 
between  current  alcohol  use  and  lifetime  alcohol  history  (Table  13-22(h):  p=0.028, 
p=0.004,  and  p=0.039  for  Models  4,  5,  and  6  respectively).  Appendix  Table  1-2-13 
presents  adjusted  results  stratified  by  lifetime  alcohol  history  for  Models  4  through  6.  In 
addition  to  the  current  dioxin-by-lifetime  alcohol  history  interaction,  the  adjusted  analyses  for 
Models  4  through  6  contained  occupation.  None  of  the  adjusted  analyses  showed  a 
significant  association  between  direct  bilirubin  and  current  dioxin  when  the  current  dioxin-by- 
lifetime  alcohol  history  interaction  was  removed  from  the  final  model  (Table  13-22(h): 
p>0.15  for  each  analysis). 

Removing  occupation  from  the  adjusted  analyses  of  Models  4  through  6  changed  the 
results  only  for  Model  6.  The  adjusted  analysis  for  Model  6  found  a  marginally  significant 
negative  association  between  direct  bilirubin  and  current  dioxin  when  occupation  and  the 
current  dioxin-by-lifetime  alcohol  history  interaction  were  removed  from  the  final  model 
(Table  I-3-13(b):  p=0.065). 

LDH  (Continuous) 

The  unadjusted  Model  1  analysis  did  not  show  a  significant  group  difference  in  the 
mean  levels  of  LDH  (Table  13-23(a):  p>0.13  for  all  contrasts).  The  group-by-age  and 
group-by-lifetime  alcohol  history  interactions  were  significant  in  the  adjusted  analysis  of 
Model  1  (Table  13-23(b):  p=0.002  and  p=0.011  respectively).  Appendix  Table  1-2-14 
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Table  13-23. 
Analysis  of  LDH  (U/L) 
(Continuous) 


a)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS  -  UNADJUSTED 


Occupational 

Gategory 

Group 

n 

Mean^ 

Di^^race  of  Means 
(95%  C.I.)’’ 

p-Value^ 

All 

Ranch  Hand 

938 

145.69 

0.24- 

0.826 

Comparison 

1,252 

145.45 

Officer 

Ranch  Hand 

360 

144.21 

-0.53  - 

0.759 

Comparison 

495 

144.73 

Enlisted  Flyer 

Ranch  Hand 

162 

143.45 

-4.10  - 

0.133 

Comparison 

196 

147.55 

Enlisted  Groundcrew 

Ranch  Hand 

416 

147.89 

2.53  - 

0.137 

Comparison 

561 

145.36 

b)  MODEL  1:  RANCH  HANDS  vs.  COMPARISONS  —  ADJUSTED 

Occupational 

Category 

Group 

n 

Adj. 

Mean® 

Difference  of  Adj. 
Means  (95%  C.I.)*’ 

p-Value^ 

Covariate  Remarks'^ 

All 

Officer 

Ranch  Hand 
Comparison 

Ranch  Hand 
Comparison 

916 

1,231 

356 

487 

145.33** 

144.97** 

143.05** 

143.55** 

0.36  -** 

-0.49  -** 

0.743** 

0.779** 

GROUP* AGE  (p=0.002) 
GROUP*DRKYR  (p=0.011) 
OCC  (p =0.016) 
ALC*DRKYR  (p=0.007) 
ALC*DC  (p =0.022) 

Enlisted  Flyer 

Ranch  Hand 

156 

142.49** 

-4.03  --** 

0.139** 

Comparison 

195 

146.51** 

Enlisted 

Ranch  Hand 

404 

148.97** 

2.81  --** 

0.096** 

Groundcrew 

Comparison 

549 

146.15** 

^  Transformed  from  natural  logarithm  scale. 

^  Difference  of  means  after  transformation  to  original  scale;  confidence  interval  on  difference  of  means  not 
presented  because  analysis  was  performed  on  natural  logarithm  scale. 

^  P-values  based  on  difference  of  means  on  natural  logarithm  scale. 

^  Covariates  and  associated  p-values  correspond  to  final  model  based  on  all  participants  with  available  data. 

**  Group-by-covariate  interactions  (p<0.05);  adjusted  mean,  difference  of  adjusted  means,  confidence  interval, 
and  p-value  derived  from  a  model  fitted  after  deletion  of  these  interactions;  refer  to  Appendix  Table  1-2-14 
for  further  analysis  of  these  interactions. 
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Table  13-23.  (Continued) 
Analysis  of  LDH  (U/L) 
(Continuous) 


c)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  -  UNADJUSTED 


Initial  Dioxin  Category  Summary  Statistics 

Analysis  Results  for  Log2  (Initial  Dioxin)^ 

Initial  Dioxin 

n 

Mean* 

Adj. 

Mean*** 

R* 

Slope 

(Std.  Error)*^ 

p^Value 

Low 

173 

146.72 

146.95 

0.007 

0.0020  (0.0058) 

0.735 

Medium 

170 

143.15 

143.23 

High 

172 

148.46 

148.15 

d)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  -  ADJUSTED 


initial  Dioxin  Category  Summaiy 
Statistics 


Adj, 


Initial  Dioxin 

n 

Mean*^ 

Low 

171 

146.10 

Medium 

167 

142.24 

High 

170 

145.89 

Analysis  Results  for  Log2  (Initial  Dioxin)^ 

Adj.  Slope 

(Std.  Error)^  p-Vsdue  Covariate  Remarks 

-0.0012  (0.0067)  0.863  OCC  (p=0.070) 

RACE*ALC  (p=0.025) 


®  Transformed  from  natural  logarithm  scale. 

^  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 

Slope  and  standard  error  based  on  natural  logarithm  of  LDH  versus  log2  (initial  dioxin). 

^  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  "Covariate  Remarks"  column. 

Note:  Low  =  39-98  ppt;  Medium  =  >98-232  ppt;  High  =  >232  ppt. 
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Table  13-23.  (Continued) 
Analysis  of  LDH  (U/L) 
(Continuous) 


e)  MODEL  3;  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  —  UNADJUSTED 


Dioxin  Categoiy 

n 

Mean“ 

Adj. 

Mean* 

Differoice  of  Adj. 

Mean  rs.  Ccnnparisons 
(95%  Cil.)" 

p-Value^ 

Comparison 

1,042 

145.91 

145.87 

Background  RH 

369 

144.66 

145.56 

-0.31  - 

0.843 

LowRH 

257 

146.39 

146.09 

0.22  - 

0.904 

High  RH 

258 

145.82 

144.96 

-0.91  ~ 

0.612 

Low  plus  High  RH 

515 

146.11 

145.53 

-0.35  - 

0.803 

0  MODEL  3  : 

RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  -  ADJUSTED 

DiffOTence  of  Adj. 

Dioxin  Category 

n 

Adj. 

Mean^ 

Mean  ts.  Cmnpaiisons 
(95%C.L)' 

p^Value** 

Covariate  Remarks 

Comparison 

1,024 

147.47** 

DXCAT*AGE  (p=0.003) 
DXCAT*RACE  (p =0.028) 

Background  RH 

362 

147.90** 

0.43  --** 

0.793** 

DXCAT*DRKYR  (p=0.040) 
OCC  (p =0.001) 

Low  RH 

251 

147.40** 

-0.07  -** 

0.971** 

High  RH 

251 

146.55** 

-0.92  -** 

0.625** 

Low  plus  High  RH 

502 

146.98** 

-0.50  -** 

0.729** 

^  Transformed  from  natural  logarithm  scale. 

^  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 

Difference  of  adjusted  means  after  transformation  to  original  scale;  confidence  interval  on  difference  of 
adjusted  means  not  presented  because  analysis  was  performed  on  natural  logarithm  scale. 

^  P-value  is  based  on  difference  of  means  on  natural  logarithm  scale. 

®  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  "Covariate  Remarks"  column. 

**  Categorized  dioxin-by-covariate  interactions  (p<0.05);  adjusted  mean,  difference  of  adjusted  means,  and 
p-value  derived  from  a  model  fitted  after  deletion  of  iese  interactions;  refer  to  Appendix  Table  1-2-14  for 
further  analysis  of  these  interactions. 

Note:  RH  =  Ranch  Hand. 

Comparison:  Current  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  Current  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  Current  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  143  ppt. 

High  (Ranch  Hand):  Current  Dioxin  >  10  ppt,  Initial  Dioxin  >  143  ppt. 
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Table  13-23.  (Continued) 
Analysis  of  LDH  (U/L) 
(Continuous) 


g)_  MODELS  4,  5,  AND  6:  RANCH  HANDS  —  CURRENT  DIOXIN  —  UNADJUSTED 


Model^ 

Low 

Gurrent  Dioxin  Category 
MeanV(n) 

Medium 

High 

R^ 

Analysis  Results  for  .Log2 
:  (Curr^t  Dioxin  +  1) 

Slope 

(Std.  E^or)®  p-Vaiue 

4 

144.01 

147.09 

145.38 

0.002 

0.0049 

0.211 

(290) 

(298) 

(296) 

(0.0039) 

5 

143.82 

146.63 

146.07 

0.002 

0.0042 

0.208 

(294) 

(297) 

(293) 

(0.0033) 

6^ 

144.06 

146.65 

145.83 

0.002 

0.0034 

0.341 

(293) 

(297) 

(293) 

(0.0036) 

h)  MODELS  4,  5,  AND  6:  RANCH  HANDS  -  CURRENT  DIOXIN  -  ADJUSTED 


Current  Dioxin  Category 
Adjured  Mean^/(n) 

Analysis  Results  for  Logj 
(Current  Dioxin  +  1) 

Mod# 

Low 

Medium 

High 

R' 

Adj.  Slope 
(Std.  Eiror) 

'  p- Value 

Covariate  Remarks 

4 

143.83 

(289) 

146.50 

(295) 

143.14 

(291) 

0.020 

0.0020 

(0.0045) 

0.654 

OCC  (p=0.024) 
ALC*DC  (p =0.020) 

5 

143.51 

(292) 

145.78 

(295) 

144.13 

(288) 

0.020 

0.0017 

(0.0038) 

0.660 

OCC  (p=0.022) 
ALC*DC  (p =0.020) 

6= 

143.76 

(291) 

145.82 

(295) 

143.90 

(288) 

0.020 

0.0009 

(0.0041) 

0.820 

OCC  (p=0.022) 
ALC*DC  (p =0.021) 

®  Transformed  from  namral  logarithm  scale. 

**  Model  4;  Log2  (lipid-adjusted  current  dioxin  -t-  1). 

Model  5:  Log2  (whole-weight  current  dioxin  -f  1). 

Model  6:  Log2  (whole-weight  current  dioxin  H-  1),  adjusted  for  log2  total  lipids. 

Slope  and  standard  error  based  on  natural  logarithm  of  LDH  versus  log2  (current  dioxin  -f  1). 

^  Adjusted  for  log2  total  lipids. 

®  Adjusted  for  log2  total  lipids  in  addition  to  covariates  specified  under  "Covariate  Remarks"  column. 

Note:  Model  4:  Low  =  ^  8.1  ppt;  Medium  =  >8.1-20.5  ppt;  High  =  >20.5  ppt. 

Models  5  and  6:  Low  =  ^  46  ppq;  Medium  =  >46-128  ppq;  High  =  >  128  ppq. 
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presents  adjusted  results  stratified  separately  by  age  and  lifetime  alcohol  history.  In  addition, 
the  adjusted  analysis  contained  occupation  and  two  covariate-by-covariate  interactions: 
current  alcohol  use-by-lifetime  alcohol  history,  and  current  alcohol  use-by-degreasing 
chemical  exposure.  The  adjusted  analysis  did  not  show  a  significant  overall  group  difference 
when  the  two  group-by-covariate  interactions  were  removed  from  the  final  model  (Table 
13-23(b):  p=0.743).  However,  the  stratified  adjusted  analysis  detected  a  marginally 
significant  group  difference  within  the  enlisted  groundcrew  stratum  (Table  13-23(b): 
p=0.096).  For  the  enlisted  groundcrew,  the  adjusted  mean  level  of  LDH  was  higher  for  the 
Ranch  Hands  than  for  the  Comparisons  (148.97  U/L  vs.  146.15  U/L). 

The  unadjusted  and  adjusted  Model  2  analyses  did  not  show  a  significant  association 
between  lactic  dehydrogenase  and  initial  dioxin  (Table  13-23(c,d):  p>0.73  for  both 
analyses).  The  final  adjusted  model  contained  occupation  and  the  race-by-current  alcohol  use 
interaction. 

For  Model  3,  the  unadjusted  analysis  did  not  reveal  any  of  the  Ranch  Hand  categories 
to  be  significantly  different  from  the  Comparison  group  (Table  13-23(e):  p>0.61  for  all 
contrasts).  Categorized  dioxin-by-age,  categorized  dioxin-by-race,  and  categorized  dioxin- 
by-lifetime  alcohol  history  were  significant  interactions  in  the  adjusted  analysis  of  Model  3 
(Table  13-23(f):  p=0.003,  p=0.028,  and  p=0.040  respectively).  Appendix  Table  1-2-14 
presents  adjusted  results  stratified  separately  by  age,  race,  and  lifetime  alcohol  history.  The 
adjusted  analysis  also  included  occupation.  Without  the  three  categorized  dioxin-by-covariate 
interactions,  the  adjusted  analysis  did  not  show  a  significant  contrast  with  the  Comparison 
group  (Table  13-23(f):  p>0.62  for  all  contrasts). 

The  unadjusted  and  adjusted  results  for  Models  4  through  6  did  not  reveal  a  significant 
association  between  LDH  and  current  dioxin  (Table  13-23(g,h):  p>0.20  for  all  analyses). 
Each  of  the  final  adjusted  models  contained  occupation  and  the  current  alcohol  use-by¬ 
degreasing  chemical  exposure  interaction. 

LDH  (Discrete) 

The  unadjusted  Model  1  analysis  did  not  reveal  a  significant  group  difference  in  the 
percentage  of  LDH  abnormalities  (Table  13-24(a):  p>0.80  for  all  contrasts).  The  adjusted 
analysis  contained  a  significant  interaction  between  group  and  current  alcohol  use  (Table 
13-24(b):  p= 0.015).  The  final  adjusted  model  contained  age,  race,  and  two  significant 
interactions:  degreasing  chemical  exposure-by-occupation  and  degreasing  chemical  exposure- 
by-lifetime  alcohol  history.  Appendix  Table  1-2-15  displays  adjusted  results  stratified  by 
current  alcohol  use.  When  the  group-by-current  alcohol  use  interaction  was  removed  from 
the  final  model,  the  adjusted  analysis  did  not  detect  a  significant  group  difference  (Table 
13-24(b):  p>0.58  for  all  contrasts). 

For  Model  2,  the  unadjusted  and  adjusted  results  did  not  reveal  a  significant  association 
between  LDH  and  initial  dioxin  (Table  13-24(c,d):  p>0.22  for  both  analyses).  Current 
alcohol  use  was  the  only  covariate  retained  in  the  adjusted  analysis. 
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Table  13-24. 
Analysis  of  LDH 
(Discrete) 


a)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS  -  UNADJUSTED 

Occupational  Categoiy 

Group 

n 

Percent 

High 

Est.  Rdative  Risk  . 
(95%  C.I.) 

v  p-Value 

All 

Ranch  Hand 

938 

14.4 

1.01  (0.80,1.29) 

0.957 

Comparison 

1,252 

14.2 

Officer 

Ranch  Hand 

360 

13.1 

0.98  (0.65,1.46) 

0.987 

Comparison 

495 

13.3 

Enlisted  Flyer 

Ranch  Hand 

162 

14.8 

0.96  (0.54,1.72) 

0.999 

Comparison 

196 

15.3 

Enlisted  Groundcrew 

Ranch  Hand 

416 

15.4 

1.06  (0.74,1.51) 

0.809 

Comparison 

561 

14.6 

b)  MODEL  1 

:  RANCH  HANDS  VS.  COMPARISONS  —  ADJUSTED 

Adj.  Relative  Risk 

Occupational  Category 

(95%  C.L) 

p-Value 

Covariate  Remarks^ 

All 

1.05  (0.82,1.34)** 

0.696** 

GROUP*ALC  (p=0.015) 

Officer 

1.01  (0.67,1.52)** 

0.976** 

AGE  (p=0.013) 

RACE  (p =0.046) 

Enlisted  Flyer 

1.00(0.55,1.82)** 

0.999** 

DC*OCC  (p=0.038) 

Enlisted  Groundcrew 

1.11  (0.77,1.59)** 

0.585** 

DC*DRKYR  (p=0.021) 

^  Covariates  and  associated  p-values  correspond  to  final  model  based  on  all  participants  with  available  data. 

**  Group-by-covariate  interaction  (0.01  <p<0.05);  adjusted  relative  risk,  confidence  interval,  and  p-value 
derived  from  a  model  fitted  after  deletion  of  this  interaction;  refer  to  Appendix  Table  1-2-15  for  further 
analysis  of  this  interaction. 


13-121 


Table  13-24.  (Continued) 
Analysis  of  LDH 
(Discrete) 


c)  MODEL  2:  RANCH  HANDS  —  INITIAL  DIOXIN  —  ONADJUSTED 


Initial  Dioxin  Category  Summary  Statistics 

Analysis  Results  for  Logj  (Initial  Dioxin)^ 

Initial  Dioxin 

n 

Percent 

High 

Estimaied  Relative  Risk 
(95%  C.L)’’ 

p-Value 

Low 

173 

12.1 

1.10(0.92,1.32) 

0.302 

Medium 

170 

13.5 

High 

172 

16.3 

d)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  - 

vADJlJStEP:::p 

n 

Analysis  Results  for  Logj  (Initial  Dioxin)' 
Adj.  Relative  Risk  (95%  C.I.)*’  p-Value 

Covariate  Remarks 

508 

1.12  (0.93,1.35)  0.222 

ALC  (p =0.004) 

^  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 

Relative  risk  for  a  twofold  increase  in  initial  dioxin. 

Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  "Covariate  Remarks"  column. 

Note:  Low  =  39-98  ppt;  Medium  =  >98-232  ppt;  High  =  >232  ppt. 
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Table  13-24.  (Continued) 
Analysis  of  LDH 
(Discrete) 


e)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY 

-UNADJUSTED 

Dioxin  Cat^ory 

'■M 

High 

Est.  Relative  Risk 
(95%  C.I.)"^ 

p-Value 

Comparison 

1,042 

14.4 

Background  RH 

369 

13.3 

1.01  (0.71,1.44) 

0.945 

LowRH 

257 

12.5 

0.82  (0.54,1.23) 

0.332 

High  RH 

258 

15.5 

0.99  (0.68,1.46) 

0.977 

Low  plus  High  RH 

515 

14.0 

0.91  (0.67,1.23) 

0.525 

f)  MODEL  31 

RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  —  ADJUSTED 

Adj  .  Relative  Risk 

Dioxin  Category 

(95%G,L)“ 

p- Value 

Covariate  Rmiarks 

Comparison 

1,024 

DXCAT*DRKYR  (p =0.004) 

RACE  (p =0.006) 

Background  RH 

362 

1.12  (0.77,1.62)** 

0.549** 

AGE  (p =0.075) 

ALC  (p =0.002) 

LowRH 

251 

0.83  (0.54,1.26)** 

0.383** 

OCC*DC  (p  =0.032) 

HighRH 

251 

1.05  (0.70,1.57)** 

0.801** 

Low  plus  High  RH 

502 

0.94  (0.68,1.29)** 

0.689** 

®  Relative  risk  and  confidence  interval  relative  to  Comparisons. 

Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 

Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  tmder  "Covariate  Remarks"  column. 

**  Categorized  dioxin-by-covariate  interaction  (p<0.05);  adjusted  relative  risk,  confidence  interval,  and 
p-value  derived  from  a  model  fitted  after  deletion  of  this  interaction;  refer  to  Appendix  Table  1-2-15  for 
further  analysis  of  this  interaction. 

Note:  RH  =  Ranch  Hand. 

Comparison:  Current  Dioxin  <  10  ppt. 

Backgroimd  (Ranch  Hand):  Current  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  Current  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  143  ppt. 

High  (Ranch  Hand):  Current  Dioxin  >  10  ppt.  Initial  Dioxin  >  143  ppt. 
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Table  13-24.  (Continued) 
Analysis  of  LDH 
(Discrete) 


g)  MODELS  4,  5,  AND  6:  RANCH  HANDS  -  CURRENT  DIOXIN  -  UNADJUSTED 


Current  Dioxin  Category 
Percent  High/(n) 

Analysis  Results  for  Log2 
(CuiToit  Dioxin  4-  1) 

Model® 

Low 

Medium 

High 

Est.  Relative  Risk 
(95%  C.L)** 

p-Value 

4 

13.8 

(290) 

13.1 

(298) 

14.2 

(296) 

1.07  (0.94,1.21) 

0.340 

5 

12.9 

(294) 

12.8 

(297) 

15.4 

(293) 

1.06(0.95,1.19) 

0.312 

6" 

13.0 

(293) 

12.8 

(297) 

15.4 

(293) 

1.04  (0.92,1.17) 

0.561 

h)  MODELS  4,  5,  AND  6:  RANCH  HANDS  -  CmtRENT  DIOXIN  -  ADJUSTED 


Analysis  Results  for  Log2  (Current  Dioxin  +  1) 

Jifodel® 

n 

(95%C.L)V 

p-Value 

Covaiiate  Remarks 

4 

875 

1.08  (0.94,1.23) 

0.278 

ALC  (p=0.001) 

5 

875 

1.07  (0.95,1.20) 

0.277 

ALC  (p=0.001) 

6*^ 

874 

1.05  (0.93,1.19) 

0.461 

ALC  (p=0.001) 

“  Model  4:  Log2  (lipid-adjusted  current  dioxin  -t-  1). 

Model  5:  Log2  (whole-weight  current  dioxin  1). 

Model  6:  Log2  (whole-weight  current  dioxin  -t-  1),  adjusted  for  log2  total  lipids. 

•’  Relative  risk  for  a  twofold  increase  in  current  dioxin. 

Adjusted  for  log2  total  lipids. 

''  Adjusted  for  logj  total  lipids  in  addition  to  covariates  specified  under  "Covariate  Remarks"  column. 

Note:  Model  4:  Low  =  <  8.1  ppt;  Medium  =  >8.1-20.5  ppt;  High  =  >20.5  ppt. 

Models  5  and  6:  Low  =  <  46  ppq;  Medium  =  >46-128  ppq;  High  =  >128  ppq. 
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The  unadjusted  analysis  for  Model  3  did  not  reveal  a  significant  contrast  between  any  of 
the  Ranch  Hand  categories  and  the  Comparison  group  (Table  13-24(e):  p>0.33  for  all 
contrasts).  Categorized  dioxin-by-Iifetime  alcohol  history  was  a  significant  interaction  in  the 
adjusted  Model  3  analysis  (Table  13-24(f):  p=0.004).  Also  included  in  the  adjusted  analysis 
were  race,  age,  current  alcohol  use,  and  the  occupation-by-degreasing  chemical  exposure 
interaction'  Appendix  Table  1-2-15  shows  adjusted  results  stratified  by  lifetime  alcohol 
history.  After  removing  the  categorized  dioxin-by-lifetime  alcohol  history  interaction  from 
the  final  model,  the  adjusted  analysis  did  not  reveal  any  of  the  Ranch  Hand  categories  to  be 
significantly  different  from  the  Comparison  group  (Table  13-24(f):  p>0.38  for  all  contrasts). 

The  unadjusted  and  adjusted  analyses  for  Models  4  through  6  did  not  show  a  significant 
association  between  LDH  and  current  dioxin  (Table  13-24(g,h):  p>0.27  for  all  analyses). 
Current  alcohol  use  was  the  only  covariate  retained  in  each  of  the  adjusted  analyses. 

Cholesterol  (Continuous) 

The  unadjusted  Model  1  analysis  did  not  reveal  a  significant  group  difference  in  the 
mean  levels  of  cholesterol  (Table  13-25(a):  p>0.36  for  all  contrasts).  The  interaction 
between  group  and  current  alcohol  use  was  significant  in  the  adjusted  Model  1  analysis 
(Table  13-25(b):  p=0.035).  The  adjusted  model  also  contained  occupation,  degreasing 
chemical  exposure,  and  the  age-by-lifetime  alcohol  history  interaction.  Appendix  Table  1-2- 
16  displays  adjusted  results  stratified  by  current  alcohol  use.  The  adjusted  analysis  did  not 
reveal  a  significant  group  contrast  when  the  group-by-current  alcohol  use  interaction  was 
removed  from  the  final  model  (Table  13-25(b):  p>0.36  for  all  contrasts). 

The  unadjusted  Model  2  results  did  not  reveal  a  significant  association  between 
cholesterol  and  initial  dioxin  (Table  13-25(c):  p=0.215).  The  adjusted  analysis  for  Model  2 
contained  a  significant  interaction  between  initial  dioxin  and  degreasing  chemical  exposure 
(Table  13-25(d):  p=0.023).  Appendix  Table  1-2-16  shows  adjusted  results  stratified  by 
degreasing  chemical  exposure.  Age  and  current  alcohol  use  also  were  significant  covariates 
in  the  adjusted  analysis.  In  contrast  to  the  unadjusted  analysis,  the  adjusted  analysis  detected 
a  marginally  significant  positive  association  between  cholesterol  and  initial  dioxin  when  the 
initial  dioxin-by-degreasing  chemical  exposure  interaction  was  removed  fi-om  the  final  model 
(Table  13-25(d):  p=0.080,  Adj.  Slope =0.01 13). 

For  Model  3,  the  unadjusted  analysis  of  cholesterol  did  not  reveal  any  of  the  Ranch 
Hand  categories  to  be  significantly  different  from  the  Comparison  group  (Table  13-25(e): 
p>0.15  for  all  contrasts).  The  adjusted  Model  3  analysis  contained  a  significant  interaction 
between  categorized  dioxin  and  lifetime  alcohol  history  (Table  13-25(f):  p=0.047). 

Appendix  Table  1-2-16  displays  adjusted  results  stratified  by  lifetime  alcohol  history.  The 
final  adjusted  model  also  contained  four  covariate-by-covariate  interactions:  age-by-lifetime 
alcohol  history,  race-by-occupation,  occupation-by-lifetime  alcohol  history,  and  current 
alcohol  use-by-degreasing  chemical  exposure.  After  removing  the  categorized  dioxin-by- 
lifetime  alcohol  history  interaction  from  the  final  model,  the  adjusted  analysis  did  not  show  a 
significant  difference  between  any  of  the  Ranch  Hand  categories  and  the  Comparison  group 
(Table  13-25(f):  p>0.38  for  all  contrasts). 
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Table  13-25. 

Analysis  of  Cholesterol  (mg/dl) 
(Continuous) 


a)  MODEL  1:  Ri«VCH  flM«)S  VS.  COMPARISONS  —  UNADJUSTED 


Occupational 

Category 

Group 

n 

;';.j-;Mean^ 

Difference  of  Means 
{95%  C.I.)^ 

p-Value'^ 

All 

Ranch  Hand 

939 

215.57 

0.64- 

0.703 

Comparison 

1,253 

214.93 

Officer 

Ranch  Hand 

361 

214.16 

2.30  ~ 

0.365 

Comparison 

495 

211.86 

Enlisted  Flyer 

Ranch  Hand 

162 

219.24 

-2.88  - 

0.495 

Comparison 

196 

222.12 

Enlisted  Groundcrew 

Ranch  Hand 

416 

215.38 

0.19  - 

0.942 

Comparison 

562 

215.19 

b)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS  —  ADJUSTED 

Occupational 

Adj. 

Difference  of  Adj. 

Category 

Group 

n 

Mean® 

Means  (95%  C.I.)V 

p-Value*^ 

Covariate  R«tnarks^ 

All 

Ranch  Hand 

917 

216.07** 

0.58  -** 

0.729** 

GROUP* ALC  (p=0.035) 

Comparison 

1,232 

215.49** 

OCC  (p =0.011) 

Officer 

Ranch  Hand 

357 

213.61** 

2.41  --** 

0.365** 

DC  (p =0.137) 
AGE*DRKYR  (p=0.030) 

Comparison 

487 

211.20** 

Enlisted  Flyer 

Ranch  Hand 

156 

217.80** 

-3.04  -** 

0.473** 

Comparison 

195 

220.84** 

Enlisted 

Ranch  Hand 

404 

215.66** 

0.26  --** 

0.918** 

Groundcrew 

Comparison 

550 

215.40** 

^  Transformed  from  natural  logarithm  scale. 

**  Difference  of  means  after  transformation  to  original  scale;  confidence  interval  on  difference  of  means  not 
presented  because  analysis  was  performed  on  natural  logarithm  scale. 

P-values  based  on  difference  of  means  on  natural  logarithm  scale. 

^  Covariates  and  associated  p-values  correspond  to  final  model  based  on  all  participants  with  available  data. 

**  Group-by-covariate  interaction  (0.01  <p^0.05);  adjusted  mean,  difference  of  adjusted  means,  confidence 
interval,  and  p-value  derived  from  a  model  fitted  after  deletion  of  this  interaction;  refer  to  Appendix  Table 
1-2-16  for  further  analysis  of  this  interaction. 
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Table  13-25.  (Continued) 
Analysis  of  Cholesterol  (mg/dl) 
(Continuous) 


c)  MODEL  2;  RANCH  HANDS  -  INITIAL  DIOXIN  -  UNADJUSTED 


Initial  Dioxin  Category  Summary  Statistics 

Analysis  Results  for  Log^  (Initial  Dioxin)^ 

Initial  Dioxin 

n 

Mean® 

Adj. 

Mean®^ 

R* 

Slope 

(Std.  Error)® 

p-Value 

Lx)w 

173 

216.17 

216.05 

0.004 

0.0076  (0.0061) 

0.215 

Medium 

170 

214.25 

214.16 

High 

172 

218.20 

218.42 

d)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXEST  -  ADJUSTED 


Initio  Dioxin  Category  Summary 
Statistics 

Adj. 


Initial  Dioxin 

n 

Mean®^ 

Low 

171 

214.68** 

Medium 

167 

213.07** 

High 

170 

218.87** 

Analysis  Results  for  Logj  (Initial  Dioxin)*^ 


R^ 


AdJ.  Slope 
(Std.EiTor)= 


p-Value  Covariate  Remarks 


0.033  0.0113  (0.0064)**  0.080** 


1NIT*DC  (p  =0.023) 
AGE  (p=0.031) 
ALC  (p=0.019) 


®  Transfonned  from  natural  logarithm  scale. 

•’  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 

^  Slope  and  standard  error  based  on  natural  logarithm  of  cholesterol  versus  log2  (initial  dioxin). 

Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  "Covariate  Remarks"  column. 

**  Log2  (initial  dioxm)-by-covariate  interaction  (0.01  <p<0.05);  adjusted  mean,  adjusted  slope,  standard  error, 
and  p-value  derived  from  a  model  fitted  after  deletion  of  this  interaction;  refer  to  Appendix  Table  1-2-16  for 
further  analysis  of  this  interaction. 

Note;  Low  =  39-98  ppt;  Medium  =  >98-232  ppt;  High  =  >232  ppt. 
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Table  13-25.  (Continued) 
Analysis  of  Cholesterol  (mg/dl) 
(Continuous) 


e)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  -  UNADJUSTED 

IMoxiii  Cat^ory 

n 

Adj. 

Mean®  Mean®** 

Diffira’ence  of  Adj. 

Mean  vs.  Comparisons 

(95%C.L)®  p-Value^ 

Comparison 

1,043 

214.44  214.44 

Background  RH 

369 

214.41  214.04 

-0.40  - 

0.864 

LowRH 

257 

214.37  214.77 

0.33  - 

0.901 

HighRH 

258 

218.06  218.20 

3.76  - 

0.159 

Low  plus  High  RH 

515 

216.21  216.48 

2.04  - 

0.323 

f)  MODEL  3: 

RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  -  ADJUSTED 

Dioxin  Category 

Adj. 

Mean®® 

Difference  of  Adj. 

Mean  vs.  Comparisons 
(95%C.I.)® 

Covariate  Remarks 

Comparison 

Background  RH 

LowRH 

1,025 

362 

251 

218.97** 

219.72** 

218.49** 

0.75 

-0.48  -** 

0.757** 

0.861** 

DXCAT*DRKYR  (p =0.047) 
AGE*DRKYR  (p =0.042) 
RACE*OCC  (p=0.035) 
OCC*DRKYR  (p=0.042) 
ALC*DC  (p  =0.032) 

HighRH 

251 

221.45** 

2.48 

0.381** 

Low  plus  High  RH 

502 

219.96** 

1 .00  -** 

0.641** 

^  Transformed  from  natural  logarithm  scale. 

Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 

Difference  of  adjusted  means  after  transformation  to  original  scale;  confidence  interval  on  difference  of 
adjusted  means  not  presented  because  analysis  was  performed  on  natural  logarithm  scale. 

**  P-value  is  based  on  difference  of  means  on  natural  logarithm  scale. 

®  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  "Covariate  Remarks"  column. 

**  Categorized  dioxin-by-covariate  interaction  (0.01  <p<0.05);  adjusted  mean,  difference  of  adjusted  means, 
and  p-value  derived  from  a  model  fitted  after  deletion  of  this  interaction;  refer  to  Appendix  Table  1-2-16  for 
further  analysis  of  this  interaction. 

Note:  RH  =  Ranch  Hand. 

Comparison:  Current  Dioxin  :£  10  ppt. 

Background  (Ranch  Hand):  Current  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  Current  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  143  ppt. 

High  (Ranch  Hand):  Chirrent  Dioxin  >  10  ppt.  Initial  Dioxin  >  143  ppt. 
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Table  13-25.  (Continued) 
Analysis  of  Cholesterol  (mg/dl) 
(Continuous) 


g)  MODELS  4,  5,  AND  6:  RANCH  HANDS  —  CURRENT  DIOXD^  —  UNADJUSTED 


Current  Dioxin  Category 

Mean^/{n) 

Analysis  Results  for  lj>g2 
(Current  Dioxin  +  1) 

Model*’ 

Low 

Medium 

High 

R^ 

Slope 

(Std.  Error)*’ 

i>-Value 

4 

214.75 

(290) 

214.34 

(298) 

217.29 

(296) 

0.002 

0.0058 

(0.0041) 

0.162 

5 

210.19 

(294) 

215.71 

(297) 

220.61 

(293) 

0.019 

0.0145 

(0.0035) 

<0.001 

6** 

218.50 

(293) 

216.53 

(297) 

211.37 

(293) 

0.272 

-0.0054 

(0.0033) 

0.098 

h)  MODELS  4,  5,  AND  6:  RANCH  HANDS  -  CURRENT  DIOXIN  -  ADJUSTED 


Current  Dioxin  Category 
Adjusted  Mean^/(n) 

Analysis  Results  for  Logj 
(Current  Dioxin  +  I) 

Low 

Medium 

High 

R^ 

AdJ.  Slope 
(Std.  Error) 

^  p-Value 

Covariate  Remarits 

4 

214.88 

(287) 

213.93 

(290) 

217.37 

(287) 

0.041 

0.0066 

(0.0043) 

0.129 

ALC  (p <0.001) 
AGE*DRKYR  (p  =0.009) 
AGE*DC  (p=0.013) 

5 

210.42 

(290) 

215.33 

(290) 

221.28 

(284) 

0.059 

0.0155 

(0.0036) 

<0.001 

ALC  (p  <0.001) 
AGE*DRKYR  (p  =0.007) 
AGE*DC  (p=0.012) 

6' 

218.83 

(289) 

216.64 

(290) 

211.45 

(284) 

0.294 

-0.0055 

(0.0036) 

0.129 

ALC  (p<0.001) 
AGE*DRKYR  (p  =0.008) 
AGE*DC  (p=0.004) 

®  Transformed  from  natural  logarithm  scale. 

Model  4;  Log2  (lipid-adjusted  current  dioxin  +  1). 

Model  5:  Log2  (whole-weight  current  dioxin  -I-  1). 

Model  6:  Log2  (whole-weight  current  dioxin  -h  1),  adjusted  for  log2  total  lipids. 

'  Slope  and  standard  error  based  on  natural  logarithm  of  cholesterol  versus  log2  (current  dioxin  -hi). 
^  Adjusted  for  log2  total  lipids. 

*  Adjusted  for  log2  total  lipids  in  addition  to  covariates  specified  imder  "Covariate  Remarks"  column. 

Note:  Model  4:  Low  =  <  8.1  ppt;  Medium  =  >8.1-20.5  ppt;  High  =  >20.5  ppt. 

Models  5  and  6:  Low  =  <  46  ppq;  Medium  =  >46-128  ppq;  High  =  >  128  ppq. 
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The  unadjusted  Model  4  analysis  did  not  reveal  a  significant  association  between 
cholesterol  and  current  dioxin  (Table  13-25(g):  p =0.162),  but  a  significant  and  a  marginally 
significant  association  was  detected  in  the  unadjusted  analyses  of  Models  5  and  6  respectively 
(Table  13-25(g):  p <0.001,  Est.  Slope=0.0145  andp=0.098,  Est.  Slope =-0.0054).  Also, 
the  estimated  slopes  for  Models  5  and  6  differed  in  sign. 

The  adjusted  results  for  Models  4  through  6  differed  from  the  unadjusted  results.  After 
covariate  adjustment,  the  analyses  of  Models  4  and  6  did  not  show  a  significant  association 
between  cholesterol  and  current  dioxin  (Table  13-25(h):  p =0.129  for  both  analyses). 
However,  the  adjusted  Model  5  analysis  did  show  a  significant  association  (Table  13-25(h): 
p< 0.001,  Adj.  Slope=0.0155).  Each  of  the  adjusted  analyses  contained  current  alcohol  use 
and  two  covariate-by-covariate  interactions:  age-by-lifetime  alcohol  history  and  age-by¬ 
degreasing  chemical  exposure. 

Cholesterol  (Discrete) 

The  unadjusted  Model  1  analysis  did  not  show  a  significant  group  difference  in  the 
percentage  of  individuals  with  high  cholesterol  (Table  13-26(a):  p>0.21  for  all  contrasts). 
The  adjusted  Model  1  analysis  contained  a  significant  group-by-current  alcohol  use 
interaction  (Table  13-26(b):  p=0.001).  In  addition  to  this  interaction,  the  final  model 
contained  occupation  and  an  interaction  between  race  and  industrial  chemical  exposure. 
Appendix  Table  1-2-17  displays  adjusted  results  stratified  by  current  alcohol  use.  When  the 
group-by-current  alcohol  use  interaction  was  removed  from  the  final  model,  the  adjusted 
analysis  did  not  reveal  a  significant  group  contrast  (Table  13-26(b):  p>0.10  for  all 
contrasts). 

For  Model  2,  the  unadjusted  analysis  did  not  show  a  significant  association  between 
cholesterol  and  initial  dioxin  (Table  13-26(c):  p =0.926). 

Initial  dioxin-by-degreasing  chemical  exposure  and  initial  dioxin-by-lifetime  alcohol 
history  were  significant  interactions  in  the  adjusted  Model  2  analysis  (Table  13-26(d): 
p=0.018  and  p=0.014  respectively).  Appendix  Table  1-2-17  presents  adjusted  results 
stratified  separately  by  degreasing  chemical  exposure  and  lifetime  alcohol  history.  The  final 
adjusted  model  contained  age  and  the  interaction  between  race  and  current  alcohol  use.  The 
adjusted  analysis  did  not  reveal  a  significant  association  between  cholesterol  and  initial  dioxin 
when  the  two  initial  dioxin-by-covariate  interactions  were  removed  from  the  final  model 
(p=0.480). 

The  unadjusted  Model  3  results  revealed  a  marginally  significant  difference  between  the 
low  plus  high  Ranch  Hands  and  the  Comparisons  in  the  percentage  of  individuals  with  high 
cholesterol  (Table  13-16(e):  p=0.091,  Est.  RR=1.30,  95%  C.I.=[0.96,  1.75]).  The 
percentage  of  participants  with  high  cholesterol  was  greater  for  the  low  plus  high  Ranch 
Hands  than  for  the  Comparison  group  (15.7%  vs.  12.7%). 

The  adjusted  Model  3  analysis  contained  a  significant  interaction  between  categorized 
dioxin  and  current  alcohol  use  (Table  13-26(f):  p=0.014).  Appendix  Table  1-2-17  displays 
adjusted  results  stratified  by  current  alcohol  use.  Besides  the  categorized  dioxin-by-current 
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Table  13-26. 
Analysis  of  Cholesterol 
(Discrete) 


a)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS  —  UNADJUSTED 


Percent  Est.  Relative  Risk  , 

Occupational  Category  Group  n  High  (95%  C.I.)  ;  p-Value 


All 

Ranch  Hand 

939 

15.0 

1.13  (0.89,1.44) 

0.340 

Comparison 

1,253 

13.5 

Officer 

Ranch  Hand 

361 

12.2 

1.13  (0.74,1.73) 

0.637 

Comparison 

495 

10.9 

Enlisted  Flyer 

Ranch  Hand 

162 

19.8 

1.48  (0.85,2.58) 

0.216 

Comparison 

196 

14.3 

Enlisted  Groundcrew 

Ranch  Hand 

416 

15.6 

1.01  (0.71,1.43) 

0.999 

Comparison 

562 

15.5 

b)  MODEL  1;  RANCH  HANDS  VS.  COMPARISONS  —  ADJUSTED 

Adj.  Relative  Risk 

Occupational  Category 

(95%  C.I.) 

p-Value 

Covariate  Remarks^ 

All 

1.15  (0.90,1.47)** 

0.252** 

GROUP* ALC  (p< 0.001) 

Officer 

1.14  (0.74,1.74)** 

0.557** 

OCC  (p=0.015) 
RACE*IC  (p =0.007) 

Enlisted  Flyer 

1.60  (0.91,2.80)** 

0.101** 

Enlisted  Groundcrew 

1.03  (0.72,1.46)** 

0.889** 

^  Covariates  and  associated  p-values  correspond  to  final  model  based  on  all  participants  with  available  data. 


**  Group-by-covariate  interaction  (p<0.05);  adjusted  relative  risk,  confidence  interval,  and  p-value  derived 
from  a  model  fitted  after  deletion  of  this  interaction;  refer  to  Appendix  Table  1-2-17  for  further  analysis  of 
this  interaction. 
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Table  13-26.  (Continued) 
Analysis  of  Cholesterol 
(Discrete) 


c)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  -  UNADJUSTED 


Initial  Dioxin  Categoiy  Summary  Statistics 

Percent 


Initial  Dioxin 

n 

High 

Low 

173 

16.2 

Medium 

170 

14.7 

High 

172 

16.3 

Analysis  Results  for  Logj  (Initial  Dioxin)^ 

Estimated  Relative  Risk 

(95%  C.L)^ _ p-Value 

1.01  (0.84,1.21)  0.926 


d)  MODEL  2;  RANCH  HANDS  - 

-  INITIAL  DIOXIN  - 

ADJUSTED 

Analysis  Results  for  Logj  (luitial  Dioxin)*^ 

n 

AtU.  Relative  Risk  (95%  CJ.)** 

p- Value 

Covariate  Remarics 

502 

1.07  (0.88,1.31)** 

0.480** 

INIT*DC  (p =0.01 8) 
INIT*DRKYR  (p=0.014) 
AGE  (p =0.079) 
RACE*ALC  (p =0.024) 

^  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 


Relative  risk  for  a  twofold  increase  in  initial  dioxin. 

'  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  "Covariate  Remarks"  column. 

**  Log2  (initial  dioxin)-by-covariate  interactions  (0.01  <p<0.05);  adjusted  relative  risk,  confidence  interval, 
and  p-value  derived  from  a  model  fitted  after  deletion  of  these  interactions;  refer  to  Appendix  Table  1-2-17 
for  further  analyses  of  these  interactions. 

Note:  Low  =  39-98  ppt;  Medium  =  >98-232  ppt;  High  =  >232  ppt. 
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Table  13-26.  (Continued) 
Analysis  of  Cholesterol 
(Discrete) 


e)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  -  UNADJUSTED 


Dioxin  Cat^oiy 

n 

PercHit 

High 

£st.  Relative  Risk 
(95%C.L)* 

p-Value 

Comparison 

1,043 

12.7 

Background  RH 

369 

13.6 

1.07  (0.75,1.53) 

0.697 

LowRH 

257 

14.8 

1.22  (0.83,1.81) 

0.313 

HighRH 

258 

16.7 

1.37  (0.94,2.00) 

0.101 

Low  plus  High  RH 

515 

15.7 

1.30(0.96,1.75) 

0.091 

I)  MODEL  3:  RANCH  HASDS  AND  COMPARISONS  BY  ] 

DHiXf4  ^ADJUSTED 

Adj«  Relative  Risk 

Dioxin  Category  n  (95%  C.I.)®^  p-Yalue 

"T" 

Covariat 

kmarks 

Conq)arison 

1,027 

DXCAT*ALC  (p=0.014) 

AGE  (p =0.044) 

Background  RH 

367 

1.22  (0.84,1.76)** 

0.294** 

OCC  (p=0.003) 
RACE*1C  (p=0.016) 

LowRH 

254 

1.24  (0.84,1.84)** 

0.285** 

HighRH 

254 

1.25  (0.84,1.84)** 

0.271** 

Low  plus  High  RH 

508 

1.24  (0.91,1.69)** 

0.165** 

^  Relative  risk  and  confidence  interval  relative  to  Comparisons. 

^  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 

^  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  ”Covariate  Remarks"  column. 

**  Categorized  dioxin-by-covariate  interaction  (0,01  <p<0.05);  adjusted  relative  risk,  confidence  interval,  and 
p-value  derived  from  a  model  fitted  after  deletion  of  this  interaction;  refer  to  Appendix  Table  1-2-17  for 
further  analysis  of  this  interaction. 

Note:  RH  =  Ranch  Hand. 

Comparison:  Current  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  Current  Dioxin  <  10  ppt. 

how  (Ranch  Hand):  Current  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  143  ppt. 

High  (Ranch  Hand):  Current  Dioxin  >  10  ppt,  Initial  Dioxin  >  143  ppt. 
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Table  13-26.  (Continued) 
Analysis  of  Cholesterol 
(Discrete) 


g)  MODELS  4,  5,  AND  6:  RANCH  HANDS  -  CURRENT  DIOXIN  —  UNADJUSTED 


MbdisP 

Low 

Current  Dioxin  Category 
Percent  High/(n) 

Medium 

High 

Analysis  Results  for  Log2 
(Current  Dioxin  +  1) 

Est.  Rdative  Risk 

(95%C.L)'’  p-V^ue 

4 

13.8 

14.8 

15.9 

1.06  (0.94,1.21) 

0.332 

(290) 

(298) 

(296) 

5 

11.2 

14.8 

18.4 

1.18  (1.06,1.32) 

0.003 

(294) 

(297) 

(293) 

6= 

11.3 

14.8 

18.4 

0.94  (0.83,1.07) 

0.360 

(293) 

(297) 

(293) 

h)  MODELS  4;  5v  AND  6:  RANCH  HANDS  -r  CURRENT  DIOXIN  -  ADJUSTED 


Analysis  Results  for  Log2  (Current  Dioxin  -i-  1) 

ModeP 

n 

Adj.  Relative  Risk 
(95%  Cil;)*’ 

p-Value 

:::  Cbyairiate  Remarks 

4 

864 

1.02  (0.88,1.19) 

0.781 

AGE  (p  =0.105) 

OCC  (p =0.086) 

DRKYR  (p=0.072) 

RACE*ALC  (p=0.019) 

5 

864 

1.18  (1.03,1.36)** 

0.002** 

CURR*OCC  (p=0.025) 

DRKYR  (p=0.075) 

RACE*ALC  (p =0.016) 

DC*AGE  (p=0.026) 

O'* 

863 

0.95  (0.82,1.09) 

0.431 

ALC  (p  <0.001) 

DRKYR  (p =0.149) 

DC* AGE  (p  =0.024) 

®  Model  4:  Log2  Oipid-adjusted  current  dioxin  +  1). 

Model  5:  Log2  (whole-weight  current  dioxin  -hi). 

Model  6:  Log2  (whole-weight  current  dioxin  -I-  1),  adjusted  for  log2  total  lipids. 

Relative  risk  for  a  twofold  increase  in  current  dioxin. 

Adjusted  for  log2  total  lipids. 

**  Adjusted  for  log2  total  lipids  in  addition  to  covariates  specified  under  "Covariate  Remarks"  column. 

**  Log2  (current  dioxin  +  l)-by-covariate  interaction  (0.01  <p<0.05);  adjusted  relative  risk,  confidence 
interval,  and  p-value  derived  fi-om  a  model  fitted  after  deletion  of  this  interaction;  refer  to  Appendix  Table 
1-2-17  for  further  analysis  of  this  interaction. 

Note:  Model  4:  Low  =  <  8.1  ppt;  Medium  =  >8.1-20.5  ppt;  High  =  >20.5  ppt. 

Models  5  and  6:  Low  =  <  46  ppq;  Medium  =  >46-128  ppq;  High  =  >128  ppq. 
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alcohol  use  interaction,  the  final  model  also  included  occupation,  age,  and  the  race-by- 
industrial  chemical  exposure  interaction.  In  contrast  to  the  unadjusted  results,  the  adjusted 
analysis  did  not  show  any  of  the  Ranch  Hand  categories  to  be  significantly  different  from  the 
Comparison  group  (Table  13-26(f):  p>0.16  for  all  contrasts). 

Removing  occupation  from  the  final  model  affected  the  adjusted  results.  Without 
occupation  and  the  categorized  dioxin-by-current  alcohol  use  interaction,  the  adjusted  analysis 
detected  marginally  significant  relative  risks  for  the  high  Ranch  Hands  and  low  plus  high 
Ranch  Hands  (Appendix  Table  I-3-17(a):  p=0.073,  Adj.  RR=1.42,  95%  C.I.  =  [0.97,  2.10] 
and  p=0.067,  Adj.  RR=1.33,  95%  C.I.=[0.98,  1.81]  respectively). 

The  unadjusted  analyses  for  Models  4  and  6  did  not  show  a  significant  association 
between  cholesterol  and  current  dioxin  (Table  13-26(g):  p>0.33  for  both  analyses). 

However,  the  unadjusted  Model  5  analysis  showed  a  significant  positive  association  between 
cholesterol  and  current  dioxin  (Table  13-26(g):  p=0.003,  Est.  RR=1.18,  95%  C.I.  =  [1.06, 
1.32]). 

Similar  to  the  unadjusted  results,  the  adjusted  analyses  for  Models  4  and  6  did  not  show 
a  significant  association  between  cholesterol  and  current  dioxin  (Table  13-26(h):  p>0.43  for 
both  analyses).  For  Model  4,  the  final  model  contained  age,  occupation,  lifetime  alcohol 
history,  and  the  race-by-current  alcohol  use  interaction.  Model  6  contained  current  alcohol 
use,  lifetime  alcohol  history,  and  the  degreasing  chemical  exposure-by-age  interaction. 

The  adjusted  analysis  for  Model  5  contained  a  significant  interaction  between  current 
dioxin  and  occupation  (Table  13-26(h):  p =0.025).  Appendix  Table  1-2-17  presents  adjusted 
results  for  Model  5  stratified  by  occupation.  The  adjusted  Model  5  analysis  also  included 
lifetime  alcohol  history  and  two  covariate-by-covariate  interactions,  race-by-current  alcohol 
use  and  degreasing  chemical  exposure-by-age.  When  the  current  dioxin-by-occupation 
interaction  was  removed  from  the  final  model,  the  adjusted  analysis  detected  a  significant 
positive  association  between  cholesterol  and  current  dioxin  (Table  13-26(h):  p=0.002,  Adj. 
RR=1.18,  95%  C.I.  =  [1.03,  1.36]). 


HDL  Cholesterol  (Continuous) 

The  unadjusted  Model  1  analysis  did  not  reveal  a  significant  group  difference  in  the 
mean  levels  of  HDL  cholesterol  (Table  13-27(a):  p>0.24  for  all  contrasts).  The  adjusted 
analysis  for  Model  1  contained  two  significant  group-by-covariate  interactions:  group-by¬ 
current  alcohol  use  and  group-by-lifetime  alcohol  history  (Table  13-27(b):  p< 0.001  and 
p=0.023  respectively).  Appendix  Table  1-2-18  presents  adjusted  results  stratified  separately 
by  current  alcohol  use  and  lifetime  alcohol  history.  The  final  model  also  contained 
occupation  and  five  covariate-by-covariate  interactions:  age-by-degreasing  chemical 
exposure,  race-by-industrial  chemical  exposure,  race-by-degreasing  chemical  exposure, 
lifetime  alcohol  history-by-current  alcohol  use,  and  current  alcohol  use-by-industrial  chemical 
exposure.  The  adjusted  analysis  did  not  reveal  a  significant  group  contrast  after  the  two 
group-by-covariate  interactions  were  removed  from  the  final  model  (Table  13-27(b): 
p>0.33). 


13-135 


Table  13-27. 

Analysis  of  HDL  Cholesterol  (mg/dl) 
(Continuous) 


a)  MODEL  1;  RANCH  HANDS  VS.  COMPARISONS  -  UNADJUSTED 


Occupational  Difference  of  Means 

Cat^ory  Group  n _ Mean^ _  .(95%C.I.)^ _ p-Value^ 


AU 

Ranch  Hand 

925 

40.56 

-0.36  - 

0.429 

Comparison 

1,241 

40.91 

Officer 

Ranch  Hand 

353 

42.15 

-0.08  - 

0.918 

Comparison 

491 

42.23 

Enlisted  Flyer 

Ranch  Hand 

158 

40.38 

0.29  - 

0.785 

Comparison 

193 

40.09 

Enlisted  Groundcrew 

Ranch  Hand 

414 

39.31 

-0.76  - 

0.244 

Comparison 

557 

40.07 

b)  MODEL  1:  RANCH  HANDS  VS.  COMPAraSONS ---  ADJUSTED 

Occupational 

Adj. 

Difference  of  Adj. 

Gat^ory 

Group 

n 

Mean^ 

Means  (95%  C.I.)*’ 

p-Value*^ 

Covariate  Remarks'* 

All 

Ranch  Hand 

903 

42.61** 

-0.20  -*♦ 

0.656** 

GROUP* ALC  (p <0.001) 

Comparison 

1,221 

42.81** 

GROUP*DRKYR  (p =0.023) 

OCC  (p<0.001) 

Officer 

Ranch  Hand 

349 

44.29** 

-0.27 

0.727** 

AGE*DC  (p =0.026) 

Comparison 

484 

44.56** 

RACE*IC  (p =0.0 10) 

Enlisted  Flyer 

Ranch  Hand 

152 

42.55** 

1.08  -** 

0.335** 

RACE*DC  (p =0.024) 

Comparison 

192 

41.47** 

DRKYR*ALC  (p =0.025) 

Enlisted 

Ranch  Hand 

402 

41.49** 

-0.62  -** 

0.356** 

ALC*IC  (p  =0.042) 

Groundcrew 

Comparison 

545 

42.11** 

^  Transformed  from  natural  logarithm  scale. 


**  Difference  of  means  after  transformation  to  original  scale;  confidence  interval  on  difference  of  means  not 
presented  because  analysis  was  performed  on  natural  logarithm  scale. 

^  P-values  based  on  difference  of  means  on  natural  logarithm  scale. 

Covariates  and  associated  p-values  correspond  to  final  model  based  on  all  participants  with  available  data. 

**  Group-by-covariate  interactions  (p^O.05);  adjusted  mean,  difference  of  adjusted  means,  confidence  interval, 
and  p-value  derived  from  a  model  fitted  after  deletion  of  these  interactions;  refer  to  Appendix  Table  1-2-18 
for  fiirther  analysis  of  these  interactions. 
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Table  13-27.  (Continued) 
Analysis  of  HDL  Cholesterol  (mg/dl) 
(Continuous) 


c)  MODEL  2:  RANCH  HANDS  —  INITIAL  DIOXIN  -  UNADJUSTED 


Low 

172 

41.12 

40.91 

0.045 

-0.0176  (0.0083) 

0.035 

Medium 

166 

38.69 

38.64 

High 

168 

38.88 

39.15 

Analysis  Results  for  Log2  (Initial  Dioxin)*’ 
Slope 

R^  <Std.  Error)'’  p-Value 


Initial  Dioxin  Category  Summaiy  Statistics 
Initial  Dioxin  n  Mean^  Mean®*’ 


d)  MODEL  2:  RANCH  HANDS  -  INmAL  DIOXIN  -  ADJUSTED 


®  Transformed  from  natural  logarithm  scale. 

*’  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 

Slope  and  standard  error  based  on  natural  logarithm  of  HDL  cholesterol  versus  logj  (initial  dioxin). 

^  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  imder  ”Covariate  Remarks"  column. 

Note;  Low  =  39-98  ppt;  Medium  =  >98-232  ppt;  High  =  >232  ppt. 
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Table  13-27.  (Continued) 
Analysis  of  HDL  Cholesterol  (mg/dl) 
(Continuous) 


e)  MODEL  3:  RANCH  HANDS  AND  COMPAMSONS  BY  DIOXIN  CATEGORY 

—  UNADJUSTED 

Diftferaice  of  Adj. 

■■  ■/'■■'k'Adj. 

Mean  Ts.  Comparisons 

Dioxin  Category  n  Mean®  Mean*^ 

(95%  €.1.)'= 

p-Value^ 

Comparison 

1,033 

40.74 

40.78 

Background  RH 

365 

42.23 

41.49 

0.72  - 

0.247 

LowRH 

253 

40.66 

40.89 

0.11  ~ 

0.872 

HighRH 

253 

38.51 

39.13 

-1.65  ~ 

0.017 

Low  plus  High  RH 

506 

39.57 

40.00 

-0.78  - 

0.150 

f)  MODEL  3: 

RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  -  ADJUSTED 

Difference  of  Adj, 

Dioxin  Category 

n 

Adj. 

Mean“ 

Mean  vs.  CtMuparisons 
(95%  C.I.)' 

p-VaIiie‘‘ 

Covaiiate  Remarks 

Comparison 

1,016 

42.57** 

DXCAT*ALC  (p <0.001) 
DXCAT*DRKYR  (p =0.008) 

Background  RH 

358 

43.01** 

0.44 

0.495** 

RACE  (p  <0.001) 

OCC  (p <0.001) 

Low  RH 

247 

42.60** 

0.03  -** 

0.967** 

ALC*IC  (p=0.044) 

HighRH 

246 

41.72** 

-0.85  -** 

0.250** 

Low  plus  High  RH 

493 

42.16** 

_0.41  -** 

0.463** 

“  Transformed  from  natural  logarithm  scale. 

^  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 

'  Difference  of  adjusted  means  after  transformation  to  original  scale;  confidence  interval  on  difference  of 
adjusted  means  not  presented  because  analysis  was  performed  on  natural  logarithm  scale. 

**  P-value  is  based  on  difference  of  means  on  natural  logarithm  scale. 

®  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  "Covariate  Remarks"  column. 

**  Categorized  dioxin-by -covariate  interactions  (p<0.05);  adjusted  mean,  difference  of  adjusted  means,  and 
p-value  derived  from  a  model  fitted  after  deletion  of  &ese  interactions;  refer  to  Appendix  Table  1-2-18  for 
further  analysis  of  these  interactions. 

Note:  RH  =  Ranch  Hand. 

Comparison:  Current  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  Current  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  Current  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  143  ppt. 

High  (Ranch  Hand):  Current  Dioxin  >  10  ppt.  Initial  Dioxin  >  143  ppt. 
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Table  13-27.  (Continued) 
Analysis  of  HDL  Cholesterol  (mg/dl) 
(Continuous) 


g)  MODELS  4,  5,  AND  6:  RANCH  HANDS  -  CURRENT  DIOXIN  -  UNADJUSTED 


Model'’ 

Low 

Current  Dioxin  Category 
Mean^/(n) 

Medium 

High 

R" 

Analysis  Results  for  Log2 
+1) 

Slope 

(Std.  Error)'  p-Value 

4 

42.62 

40.95 

38.52 

0.022 

-0.0269 

<0.001 

(288) 

(293) 

(290) 

(0.0061) 

5 

42.95 

40.79 

38.28 

0.027 

-0.0255 

<0.001 

(294) 

(294) 

(283) 

(0.0052) 

6^ 

42.41 

40.75 

38.82 

0.041 

-0.0187 

0.001 

(293) 

(294) 

(283) 

(0.0055) 

h)  MODELS  4,  5,  AND  6:  RANCH  HANDS  -  CURRENT  DIOXIN  -  ADJUSTED 


Model*’ 

Current  Dioxin  Categoiy 
Adjusted  Mean^/(n) 

Low  Medium  High 

R^ 

Analysis  Results  for  Logj 
(Current  Dioxin  -1-1) 

Adj.  Slope 

(Std.  Error)'  p- Value  Covariate  Remarks 

4 

44.30** 

(285) 

42.59** 

(285) 

40.72** 

(281) 

0.131 

-0.0218 

(0.0067)** 

0.001** 

CURR*DRKYR  (p =0.007) 
CURR*ALC  (p=0.033) 
RACE  (p=0.033) 
AGE*DC  (p=0.028) 
OCC*ALC  (p=0.042) 

5 

44.77** 

(290) 

42.34** 

(287) 

40.36** 

(274) 

0.141 

-0.0225 

(0.0057)** 

<0.001** 

CURR*DRKYR  (p=0.001) 
CURR*ALC  (p=0.020) 
RACE  (p  =0.040) 
AGE*DC  (p=0.032) 
OCC*ALC  (p=0.042) 

6' 

43.80** 

(289) 

42.02** 

(287) 

40.87** 

(274) 

0.165 

-0.0138 

(0.0060)** 

0.022** 

CURR*DRKYR  (p =0.002) 
CURR*ALC  (p=0.030) 
CURR*DC  (p=0.048) 
RACE  (p =0.082) 
AGE*DC  (p=0.017) 
OCC*ALC  (p=0.046) 

^  Transformed  from  natural  logarithm  scale. 

^  Model  4:  Log2  (lipid-adjusted  current  dioxin  +  1). 

Model  5:  Log2  (whole-weight  current  dioxin  +  1). 

Model  6:  Log2  (whole-weight  current  dioxin  +  1),  adjusted  for  log2  total  lipids. 

^  Slope  and  standard  error  based  on  natural  logarithm  of  HDL  cholesterol  versus  log2  (current  dioxin  4-1). 

^  Adjusted  for  log2  total  lipids. 

®  Adjusted  for  log2  total  lipids  in  addition  to  covariates  specified  under  "Covariate  Remarks"  column. 

**  Log2  (current  dioxin  4-  l)-by-covariate  interaction  (p<0.05);  adjusted  mean,  adjusted  slope,  standard  error, 
and  p-value  derived  from  a  model  fitted  after  deletion  of  this  interaction;  refer  to  Appendix  Table  1-2-18  for 
further  analysis  of  this  interaction. 

Note:  Model  4:  Low  =  <  8.1  ppt;  Medium  =  >8.1-20.5  ppt;  High  =  >20.5  ppt. 

Models  5  and  6:  Low  =  <  46  ppq;  Medium  =  >46-128  ppq;  High  =  >128  ppq. 
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The  unadjusted  Model  2  results  revealed  a  significant  inverse  association  between  HDL 
cholesterol  and  initial  dioxin  (Table  13-27(c):  p=0.035,  Est.  Slope =-0.0176).  In  contrast  to 
the  unadjusted  analysis,  the  adjusted  analysis  did  not  reveal  a  significant  association  between 
HDL  cholesterol  and  initial  dioxin  (Table  13-27(d):  p=0.563).  The  final  model  contained 
occupation  and  two  interactions:  race-by-industrial  chemical  exposure  and  current  alcohol 
use-by-de^easing  chemical  exposure,  l^en  occupation  was  removed  from  the  final  model, 
the  association  between  HDL  cholesterol  and  initial  dioxin  became  marginally  significant 
(Appendix  Table  1-3-18:  p=0.066). 

The  unadjusted  Model  3  analysis  detected  a  significant  difference  in  the  mean  levels  of 
HDL  cholesterol  between  the  high  Ranch  Hands  and  Comparisons  (Table  13-27(e): 
p=0.017).  The  mean  level  of  HDL  cholesterol,  adjusted  for  percent  body  fat  at  the  time  of 
duty  in  SEA  and  the  change  in  percent  body  fat  from  the  time  of  duty  in  SEA  to  the  date  of 
the  blood  draw  for  dioxin,  was  lower  for  the  high  Ranch  Hand  category  than  for  the 
Comparison  group  (39.13  mg/dl  vs.  40.78  mg/dl).  The  categorized  dioxin-by-current 
alcohol  use  and  categorized  dioxin-by-lifetime  alcohol  history  interactions  were  significant  in 
the  adjusted  analysis.  Appendix  Table  1-2-18  presents  adjusted  results  stratified  separately  by 
current  alcohol  use  and  lifetime  alcohol  history.  Without  the  two  categorized  dioxin-by¬ 
covariate  interactions,  the  adjusted  Model  3  analysis  did  not  show  any  of  the  Ranch  Hand 
categories  to  be  significantly  different  from  the  Comparison  group  (Table  13-27(f):  p>0.25 
for  all  contrasts). 

Removing  occupation  from  the  adjusted  analysis  affected  the  significance  level  of  the 
contrast  between  the  high  Ranch  and  comparisons.  Without  occupation  and  the  two 
categorized  dioxin-by-covariate  interactions,  the  adjusted  analysis  found  a  significant 
difference  between  the  high  Ranch  Hands  and  Comparisons  (Appendix  Table  1-3- 18(b): 
p=0.027). 


Each  of  the  unadjusted  analyses  for  Models  4  through  6  detected  a  significant  inverse 
association  between  HDL  cholesterol  and  current  dioxin  (Table  13-27(g):  p< 0.001,  Est. 
Slope =-0.0269;  p <0.001,  Est.  Slope =-0.0255;  and  p=0.001,  Est.  Slope=-0.0187  for 
Models  4,  5,  and  6  respectively). 

Current  dioxin-by-lifetime  alcohol  history  and  current  dioxin-by-current  alcohol 
interactions  were  significant  in  the  adjusted  analyses  of  Models  4  through  6  (Table  13-27(h): 
p=0.007,  p=0.033;  p=0.001,  p=0.020;  and  p=0.002,  p=0.030  for  Models  4,  5,  and  6 
respectively).  The  adjusted  analysis  for  Model  6  also  contained  a  significant  interaction 
between  current  dioxin  and  degreasing  chemical  exposure  (Table  13-27(h);  p=0.048). 
Appendix  Table  1-2-18  presents  adjusted  results  stratified  separately  by  lifetime  alcohol 
history  and  current  alcohol  use  for  Models  4  through  6,  as  well  as  adjusted  results  for  Model 
6  stratified  by  degreasing  chemical  exposure.  Each  of  the  adjusted  analyses  for  Models  4 
through  6  revealed  a  significant  inverse  association  between  HDL  cholesterol  and  current 
dioxin  when  all  of  the  current  dioxin-by-covariate  interactions  were  removed  from  the  models 
(Table  13-27(h):  p=0.001,  Adj.  Slope=-0.0218;  p<0.001,  Adj.  Slope =-0.0225;  and 
p=0.022,  Adj.  Slope=-0.0138  for  Models  4,  5,  and  6  respectively). 
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HDL  Cholesterol  (Discrete) 


The  unadjusted  Model  1  analysis  detected  a  marginally  significant  overall  group 
difference  in  the  percentage  of  individuals  with  low  levels  of  HDL  cholesterol  (Table 
13-28(a):  p=0.064,  Est.  RR=1.33,  95%  C. I.  =[0.99,  1.77]).  Ranch  Hands  were  more 
likely  than  Comparisons  to  have  low  levels  of  HDL  cholesterol  (10.9%  vs.  8.5%). 

Stratifying  the  analysis  by  occupation  revealed  a  marginally  significant  group  difference  for 
the  officers  (Table  13-28(a):  p=0.077,  Est.  RR=1.57,  95%  C.I.  =  [0.98,  2.51]).  Within  the 
officer  stratum,  the  percentage  of  HDL  cholesterol  abnormalities  was  higher  for  the  Ranch 
Hands  than  for  the  Comparisons  (11.3%  vs.  7.5%). 

After  adjusting  for  the  race-by-current  alcohol  use  and  occupation-by-current  alcohol  use 
interactions,  both  marginally  significant  contrasts  in  the  unadjusted  analysis  became 
significant  (Table  13-28(b):  p=0.048,  Adj.  RR=1.34,  95%  C.L  =  [1.00,  1.79]  andp=0.048, 
Adj.  RR=1.61,  95%  C. I.  =  [1.00,  2.59])  for  the  overall  group  contrast  and  the  officer  group 
contrast  respectively). 

The  unadjusted  and  adjusted  Model  2  results  did  not  show  a  significant  association 
between  HDL  cholesterol  and  initial  dioxin  (Table  13-28(c,d):  p>0.51  for  both  analyses). 
Race  and  current  alcohol  use  were  the  only  significant  terms  in  the  adjusted  model. 

The  unadjusted  Model  3  analysis  revealed  a  marginally  significant  difference  in  HDL 
cholesterol  abnormalities  between  the  background  Ranch  Hands  and  Comparison  group 
(Table  13-28(e):  p=0.061,  Est.  RR=1.48,  95%  C.I.=[0.98,  2.23]).  The  percentages  of 
participants  with  low  levels  of  HDL  cholesterol  among  the  background  Ranch  Hands  and  the 
Comparison  group  were  10.4  percent  and  8.4  percent  respectively. 

The  adjusted  Model  3  analysis  contained  a  significant  interaction  between  categorized 
dioxin  and  lifetime  alcohol  history  (Table  13-28(f):  p=0.020).  The  final  model  also 
contained  race  and  current  alcohol  use.  Appendix  Table  1-2-19  presents  results  stratified  by 
lifetime  alcohol  history.  After  the  categorized  dioxin-by-lifetime  alcohol  history  interaction 
was  removed  from  the  final  model,  the  adjusted  analysis  did  not  show  any  of  the  Ranch 
Hand  categories  to  be  significantly  different  from  the  Comparison  group  (Table  13-28(f); 
p>0.10  for  all  contrasts). 

For  Models  4  through  6,  the  unadjusted  analyses  did  not  reveal  a  significant  association 
between  low  levels  of  HDL  cholesterol  and  current  dioxin  (Table  13-28(g):  p>0.27  for  all 
analyses).  Each  of  the  adjusted  analyses  for  Models  4  through  6  contained  a  significant 
interaction  between  current  dioxin  and  lifetime  alcohol  history  (Table  13-28(f):  p= 0.003, 
p< 0.001,  and  p< 0.001  for  Models  4,  5,  and  6  respectively).  Appendix  Table  1-2-19 
presents  adjusted  results  stratified  by  lifetime  alcohol  history  for  each  of  the  models.  The 
adjusted  analyses  for  Model  4  also  included  race  and  current  alcohol  use:  Model  6  contained 
degreasing  chemical  exposure  and  current  alcohol  use;  and  Model  5  contained  age, 
degreasing  chemical  exposure,  and  current  alcohol  use.  The  adjusted  analyses  for  Models  4 
and  6  did  not  reveal  a  significant  association  between  HDL  cholesterol  and  current  dioxin 
when  the  current  dioxin-by-lifetime  alcohol  history  interaction  was  removed  from  both  of  the 
models  (Table  13-28(h):  p>0.55  for  both  analyses).  However,  the  adjusted  model  5  analysis 
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Table  13-28. 

Analysis  of  HDL  Cholesterol 
(Discrete) 


a)  MODEL  1:  RANCH  HANDS  VS.  COMPAIHSONS  —  UNADJUSTED 


Percent  Est.  Relative  Risk 

Occupational  Cat^ory  Group  n  Low  _ (95%  C.L) _ p-Value 


All 

Ranch  Hand 

925 

10.9 

1.33  (0.99,1.77) 

0.064 

Comparison 

1,241 

8.5 

Officer 

Ranch  Hand 

353 

11.3 

1.57  (0.98,2.51) 

0.077 

Comparison 

491 

7.5 

Enlisted  Flyer 

Ranch  Hand 

158 

8.9 

0.80  (0.39,1.62) 

0.653 

Comparison 

193 

10.9 

Enlisted  Groundcrew 

Ranch  Hand 

414 

11.4 

1.39  (0.91,2.13) 

0.159 

Comparison 

557 

8.4 

b)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS  —  ADJUSTED 


Occupational  Gategoiy 

Adj.:Relative  Risk 
(95%  C.I.) 

p-Value 

Covariate  Remarks^ 

All 

1.34  (1.00,1.79) 

0.048 

RACE*ALC  (p=0.015) 
OCC*ALC  (p  =0.005) 

Officer 

1.61  (1.00,2.59) 

0.048 

Enlisted  Flyer 

0.76  (0.37,1.56) 

0.450 

Enlisted  Groundcrew 

1.42  (0.92,2.19) 

0.110 

^  Covariates  and  associated  p-values  correspond  to  final  model  based  on  all  participants  with  available  data. 
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Table  13-28.  (Continued) 
Analysis  of  HDL  Cholesterol 
(Discrete) 


c)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  —  UNADJUSTED 


Initial  Dioxin  Category  Summary  Statistics 

..Percent  ■■ 


Initial  Dioxin 

n 

Low 

Lx)w 

172 

7.6 

Medium 

166 

12.7 

High 

168 

11.3 

Analysis  Results  for  Log^  (Initial  Dioxin)^ 

p-Value 


E^imiated  Relative  Risk 


1.07  (0.87,1.32) 


0.517 


d)  MODEL  2:  RANCH  HANDS  -1^^ 

ADJUSTED 

n 

Analysis  Results  for  Log2  Ginitiai  Dioxin)^ 
Adj.  Relative  Risk  (95%  C.!,)**  p-Value 

Covaiiale  Remarks 

499 

1.05  (0.85,1.30)  0.638 

RACE  (p=0. 128) 

ALC  (p=0.012) 

®  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 

’’  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 

Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  "Covariate  Remarks"  column. 

Note:  Low  =  39-98  ppt;  Medium  =  >98-232  ppt;  High  =  >232  ppt. 


13-143 


Table  13-28.  (Continued) 

Analysis  of  HDL  Cholesterol 
(Discrete) 

e)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  — 

UNADJUSTED 

Percent 

Est.  Rdative  Risk 

Dioxin  Category 

n 

■■■v... Iatw 

(95%  C.I.)** 

p-Value 

Comparison 

1,033 

8.4 

Background  RH 

365 

10.4 

1.48  (0.98,2.23) 

0.061 

LowRH 

253 

8.7 

0.97  (0.59,1.60) 

0.913 

HighRH 

253 

12.3 

1.36(0.88,2.12) 

0.169 

Low  plus  High  RH 

506 

10.5 

1.17(0.81,1.68) 

0.405 

f)  MODEL  3:  RANCH  AND  COMPARISONS  BY  DIOXES  CATEGORY  —  ADJUSTED 


IMoxin  Category 

n 

Adj  .  Relative  Risk 
(95%C,L)^ 

:  p-^Value 

Comparison 

1,016 

1.41  (0.93,2.14)** 

0.108** 

DXCAT*DRKYR  (p =0.020) 

RACE  (p =0.041) 

ALC  (p =0.003) 

Background  RH 

358 

LowRH 

247 

1.03  (0.62,1.69)** 

0.916** 

HighRH 

246 

1.40  (0.90,2.18)** 

0.141** 

Low  plus  High  RH 

493 

1.21  (0.84,1.75)** 

0.300** 

“  Relative  risk  and  confidence  interval  relative  to  Comparisons. 

**  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 

'  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  "Covariate  Remarks"  column. 

**  Categorized  dioxin-by-covariate  interaction  (0.01<p<0.05);  adjusted  relative  risk,  confidence  interval,  and 
p-value  derived  from  a  model  fitted  after  deletion  of  this  interaction;  refer  to  Appendix  Table  1-2-19  for 
further  analysis  of  this  interaction. 

Note;  RH  =  Ranch  Hand. 

Comparison;  Current  Dioxin  <  10  ppt. 

Background  (Ranch  Hand);  Current  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  Current  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  143  ppt. 

High  (Ranch  Hand):  Current  Dioxin  >  10  ppt,  Initial  Dioxin  >  143  ppt. 
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Table  13-28.  (Continued) 
Analysis  of  HDL  Cholesterol 
(Discrete) 


g)  MODELS  4,  5,  AND  6;  RANCH  HANDS  —  CURRENT  DIOXIN  —  UNADJUSTED 


Current  Dioxin  Cat^ory 
Percent  Low/(n) 

Analysis  Results  for  Log2 
(Current  INoxin  +  1) 

ModeP 

Low 

Medium 

EBgh 

Est.  Rdative  Risk 
(95%  CJ.)*’ 

p-Value 

4 

9.7 

(288) 

9.6 

(293) 

12.1 

(290) 

1.04(0.90,1.20) 

0.613 

5 

9.9 

(294) 

8.8 

(294) 

12.7 

(283) 

1.07(0.94,1.22) 

0.277 

6= 

9.9 

(293) 

8.8 

(294) 

12.7 

(283) 

0.97(0.84,1.12) 

0.676 

h)  MODELS  4,  5,  AND  6:  RANCH  HANDS  --  CURRENT  DlOXIN  — ADJUSTED 


Analysis  Results  for  Ix>g2  (GiUTent  Dip>dn  +^ 

ModeP 

n 

Adj  .  Relative  Risk 
(95%  C.I.)*’ 

^  ■  p-VaIue'"V"'''''; 

Covariate  Remarks 

4 

851 

1.05  (0.90,1.21)** 

0.555** 

CURR*DRKYR  (p =0.003) 

RACE  (p=0. 124) 

ALC  (p =0.015) 

5 

851 

1.13  (0.98,1.29)** 

0.085** 

CURR*DRKYR  (p<0.001) 
AGE(p=0.144) 

DC  (p=0.140) 

ALC  (p=0.022) 

6“ 

850 

1.00  (0.87,1.16)** 

0.951** 

CURR*DRKYR  (p <0.001) 

DC  (p =0.066) 

ALC  (p=0.009) 

^  Model  4:  Log2  (lipid-adjusted  current  dioxin  +1). 

Model  5:  Log2  (whole-weight  current  dioxin  +1). 

Model  6:  Log2  (whole-weight  current  dioxin  +1),  adjusted  for  log2  total  lipids. 

^  Relative  risk  for  a  twofold  increase  in  current  dioxin, 

^  Adjusted  for  log2  total  lipids. 

^  Adjusted  for  log2  total  lipids  in  addition  to  covariates  specified  under  "Covariate  Remarks"  column. 

**  Log2  (current  dioxin  H-  l)-by-covariate  interaction  (p<0.05);  adjusted  relative  risk,  confidence  interval,  and 
p-value  derived  from  a  model  fitted  after  deletion  of  this  interaction;  refer  to  Appendix  Table  1-2-19  for 
further  analysis  of  this  interaction. 

Note:  Model  4:  Low  =  <  8.1  ppt;  Medium  =  >8.1-20.5  ppt;  High  =  >20.5  ppt. 

Models  5  and  6:  Low  =  <  46  ppq;  Medium  =  >46-128  ppq;  High  =  >  128  ppq. 
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detected  a  marginally  significant  positive  association  after  the  current  dioxin-by-lifetime 
alcohol  history  interaction  was  removed  from  the  final  model  (Table  13-28(h):  p  =0.085, 
Adj.  RR=1.13,  95%  C.I.  =  [0.98,  1.29]). 


Cholesterol-HDL  Ratio  (Continuous) 

The  unadjusted  and  adjusted  Model  1  analyses  of  the  cholesterol-HDL  ratio  did  not 
reveal  a  significant  difference  between  Ranch  Hands  and  Comparisons  (Table  13-29(a,b): 
p>0.19  for  all  contrasts).  Race,  occupation,  and  current  alcohol  use  were  significant  in  the 
adjusted  analysis. 

The  unadjusted  Model  2  results  detected  a  significant  positive  association  between 
cholesterol-HDL  ratio  and  initial  dioxin  (Table  13-29(c):  p=0.012,  Est.  Slope=0.0234). 

The  adjusted  Model  2  analysis  contained  a  significant  interaction  between  initial  dioxin  and 
current  alcohol  use  (Table  13-29(d):  p=0.006).  The  final  model  contained  age  and  four 
significant  covariate-by-co variate  interactions:  race-by-industrial  chemical  exposure, 
occupation-by-current  alcohol  use,  lifetime  alcohol  history-by-mdustrial  chemical  exposure, 
and  current  alcohol  use-by-degreasing  chemical  exposure.  Appendix  Table  1-2-20  displays 
adjusted  results  stratified  by  current  alcohol  use.  After  the  initial  dioxin-by-current  alcohol 
use  interaction  was  removed  from  the  final  model,  the  adjusted  analysis  did  not  reveal  a 
significant  association  between  HDL  cholesterol  and  initial  dioxin  (Table  13-29(d): 
p=0.178). 


Removing  occupation  from  the  final  model  changed  the  statistical  significance  of  the 
adjusted  results.  Without  occupation  and  the  initial  dioxin-by-current  alcohol  use  interaction, 
the  adjusted  Model  2  analysis  detected  a  significant  positive  association  between  HDL 
cholesterol  and  initial  dioxin  (Appendix  Table  I-3-19(a):  p=0.012,  Adj.  Slope =0.0243). 

The  unadjusted  Model  3  analysis  showed  the  mean  levels  of  cholesterol-HDL  ratio  to  be 
significantly  different  between  the  high  Ranch  Hand  category  and  the  Comparison  group 
(Table  13-29(e):  p= 0.004).  In  addition,  the  unadjusted  analysis  detected  a  marginally 
significant  difference  between  the  low  plus  high  Ranch  Hand  category  and  the  Comparison 
group  (Table  13-29(e):  p =0.073).  The  mean  levels  of  cholesterol-HDL  ratio,  adjusted  for 
percent  body  fat  at  the  time  of  duty  in  SEA  and  the  change  in  percent  body  fat  from  the  time 
of  duty  in  SEA  to  the  date  of  the  blood  draw  for  dioxin,  for  the  high  and  low  plus  high 
Ranch  Hand  categories  and  the  Comparison  group  were  5.55,  5.40,  and  5.25  respectively. 

Categorized  dioxin-by-current  alcohol  use  was  a  significant  interaction  in  the  adjusted 
Model  3  analysis  (Table  13-29(f):  p =0.031).  The  final  model  also  included  race  and 
occupation.  Appendix  Table  1-2-20  displays  adjusted  results  stratified  by  current  alcohol  use. 
The  adjusted  Model  3  analysis  did  not  detect  a  significant  difference  between  any  of  the 
Ranch  Hand  categories  and  the  Comparison  group  when  the  categorized  dioxin-by-current 
alcohol  use  interaction  was  removed  from  the  final  model  (Table  13-29(f):  p>0.17  for  all 
contrasts). 
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Table  13-29. 

Analysis  of  Cholesterol-HDL  Ratio 
(Continuous) 


a)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS  —  UNADJUSTED 

Occupational 

,  Difference  of  Means 

Category 

Group  : 

;n  ■ 

Mean^ 

(95%  C.!.)”  , 

p-Valne‘^ 

All 

Ranch  Hand 

925 

5.30 

0.05- 

0.408 

Comparison 

1,241 

5.25 

Officer 

Ranch  Hand 

353 

5.07 

0.06- 

0.569 

Comparison 

491 

5.01 

Enlisted  Flyer 

Ranch  Hand 

158 

5.38 

-0.15  - 

0.366 

Comparison 

193 

5.53 

Enlisted  Groundcrew 

Ranch  Hand 

414 

5.48 

0.11  - 

0.274 

Comparison 

557 

5.36 

b)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS  —  ADJUSTED 

Occupational 

Category 

Group 

n 

Adj. 

Mean^ 

Difference  of  Adj. 
Means  (95%  Cil.)** 

p-Value"^ 

Covariate  Rmarks*^ 

All 

Ranch  Hand 

915 

5.07 

0.04- 

0.565 

RACE  (p  <0.001) 

Comparison 

1,224 

5.03 

OCC  (p <0.001) 

Officer 

Ranch  Hand 

353 

4.82 

0.08  - 

0.411 

ALC(p  <0.001) 

Comparison 

485 

4.74 

Enlisted  Flyer 

Ranch  Hand 

155 

5.10 

-0.20  - 

0.199 

Comparison 

193 

5.30 

Enlisted 

Ranch  Hand 

407 

5.20 

0.08  - 

0.383 

Groundcrew 

Comparison 

546 

5.12 

®  Transformed  from  natural  logarithm  scale. 

Difference  of  means  after  transformation  to  original  scale;  confidence  interval  on  difference  of  means  not 
presented  because  analysis  was  performed  on  natural  logarithm  scale. 

P-values  based  on  difference  of  means  on  natural  logarithm  scale. 

**  Covariates  and  associated  p-values  correspond  to  final  model  based  on  all  participants  with  available  data. 
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Table  13-29.  (Continued) 
Analysis  of  Cholesterol-HDL  Ratio 
(Continuous) 


^  MGMWEL  2:  RANCH  HANDS  —  INITIAL  DIOXIN  -  UNADJUSTED 


Initial  Dioxin  Category  Summary  Statistics 

Analysis  Results  for  Log£  (Initial  Dioxin)^ 

Initial  Dioxin 

n 

Mean® 

Adj. 

■■>Mean®*’.,' . 

R^ 

Slope'-^ 

(Std.:  Error)' 

p-Yalue 

Low 

172 

5.26 

5.29 

0.035 

0.0234  (0.0092) 

0.012 

Medium 

166 

5.51 

5.51 

High 

168 

5.58 

5.55 

d)  MODEL  2:  RANCH  HANDS  ^  INITIAL  DIOXIN  -  ADJUSTED 


Initial  Dioxin  Category  Summary 
Statistics 


Analysis  Results  for  LrOg2  (Mtial^^D 


Initial  Dioxin 

n 

Adj. 

Mean®^ 

R^ 

Adj.  Slope 
(Std.  Error)' 

p-Value 

Covariate  Remarks 

Low 

169 

5.11** 

0.162 

0.0142  (0.0105)** 

0.178** 

INIT*ALC  (p =0.006) 

AGE  (p =0.065) 

Medium 

161 

5.17** 

RACE*IC  (p=0.013) 

OCC*ALC  (p=0.049) 

High 

163 

5.19** 

DRKYR*IC  (p =0.033) 

^  Transformed  from  natural  logarithm  scale. 

^  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 

^  Slope  and  standard  error  based  on  natural  logarithm  of  cholesterol-HDL  ratio  versus  log2  (initial  dioxin). 

^  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  "Covariate  Remarks"  column. 

**  Log2  (initial  dioxin)-by-covariate  interaction  (p<0.05);  adjusted  mean,  adjusted  slope,  standard  error,  and 
p-value  derived  from  a  model  fitted  after  deletion  of  this  interaction;  refer  to  Appendix  Table  1-2-20  for 
further  analysis  of  this  interaction. 

Note:  Low  =  39-98  ppt;  Medium  =  >98-232  ppt;  High  =  >232  ppt. 
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Table  13-29.  (Continued) 
Analysis  of  Cholesterol-HDL  Ratio 
(Continuous) 


e)  MODEL  3;  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  —  UNADJUSTED 

IMffer^ce  of  Adj. 


Dioxin  Category 

n 

Mean® 

Adj. 

Mean* 

Mean  vs.  C(»nparisons 
{95%C.I.)® 

p-Value‘ 

Comparison 

1,033 

5.26 

5.25 

Background  RH 

365 

5.07 

5.15 

-0.10  ~ 

0.253 

LowRH 

253 

5.26 

5.24 

-0.01  - 

0.936 

HighRH 

253 

5.64 

5.55 

0.30  ~ 

0.004 

Low  plus  High  RH 

506 

5.45 

5.40 

0.14  - 

0.073 

i)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  —  ADJUSTED 


Dioxin  Category 

n 

Mean®' 

Difference  of  Adj. 
■Mean  vs.  Compansons 
(95%C.I.)^ 

p-Value^ 

Comparison 

1,018 

5.08** 

DXCAT*ALC  (p=0.031) 

RACE  (p=0.001) 

Background  RH 

363 

5.05** 

-0.03  -** 

0.761** 

OCC  (p <0.001) 

Low  RH 

250 

5.07** 

-0.00  -** 

0.967** 

HighRH 

249 

5.21** 

0.14  -** 

0.177** 

Low  plus  High  RH 

499 

5.14** 

0.07  -** 

0.387** 

*  Transformed  from  natural  logarithm  scale. 

Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  ^te  of  the  blood  draw  for  dioxin. 

Difference  of  adjusted  means  after  transformation  to  original  scale;  confidence  interval  on  difference  of 
adjusted  means  not  presented  because  analysis  was  performed  on  natural  logarithm  scale. 

P-value  is  based  on  difference  of  means  on  natural  logarithm  scale. 

®  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  "Covariate  Remarks"  column. 

**  Categorized  dioxin-by-covariate  interaction  (0.01  <p<0.05);  adjusted  mean,  difference  of  adjusted  means, 
and  p-value  derived  from  a  model  fitted  after  deletion  of  this  interaction;  refer  to  Appendix  Table  1-2-20  for 
further  analysis  of  this  interaction. 

Note:  RH  =  Ranch  Hand. 

Comparison:  Current  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  Current  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  Current  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  143  ppt. 

High  (Ranch  Hand):  Current  Dioxin  >  10  ppt.  Initial  Dioxin  >  143  ppt. 
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Table  13-29.  (Continued) 
Analysis  of  Cholesterol-HDL  Ratio 
(Continuous) 


g)  MODELS  4,  5,  AND  6z  RANCH  HANDS  -  CURRENT  PlOXESf  —  UNADJUSTED 


Current  Dioxin  Cat^oiy 
Mean*/(n) 

Analysis  Results  for  Log2 
(Current  Dioxin  -t-  1) 

Model** 

Lovp 

Medium 

High 

Slope 

(Std.  Error)' 

p-Value 

4 

5.04 

(288) 

5.22 

(293) 

5.62 

(290) 

0.024 

0.0312 

(0.0068) 

<0.001 

5 

4.89 

(294) 

5.29 

(294) 

5.73 

(283) 

0.049 

0.0384 

(0.0058) 

<0.001 

6<* 

5.15 

(293) 

5.31 

(294) 

5.41 

(283) 

0.226 

0.0118 

(0.0056) 

0.035 

h)  MODELS  4,  5,  AND  6:  RANCH  HANDS  —  CURRENT  DIOXIN  -  ADJUSTED 


Model** 

Current  Dioxin  Category 
Adjusted  Mean®/(n) 

Low  Medium  High 

R^ 

Analysis  Results  for  Logj 
(Current  Dioxin  +  1) 

^  Adj. 'Slope'  ' 

(Std.  Eiror)'  p-Value  Covariate  Remarks 

4 

4.82** 

(287) 

4_99*=i= 

(290) 

5.31** 

(285) 

0.069 

0.0281 

(0.0069)** 

<0.001** 

CURR*DC  (p=0.030) 
RACE  (p  =0.028) 

ALC  (p  <0.001) 

5 

4.68** 

(292) 

5.08** 

(292) 

5.49** 

(278) 

0.091 

0.0395 

(0.0058)** 

<0.001** 

CURR*AGE  (p=0.044) 
RACE  (p=0.027) 

ALC  (p  <0.001) 

6' 

5.16** 

(291) 

5.31** 

(292) 

5.36** 

(278) 

0.283 

0.0094 

(0.0056)** 

0.093** 

CURR*DC  (p=0.005) 
ALC  (p <0.001) 

“  Transfoimed  from  natural  logarithm  scale. 

Model  4:  Log2  Oipid-adjusted  current  dioxin  +  1). 

Model  5:  Log2  (whole-weight  current  dioxin  +  1). 

Model  6:  Log2  (whole-weight  current  dioxin  -1-1),  adjusted  for  log2  total  lipids. 

Slope  and  standard  error  based  on  natural  logarithm  of  cholesterol-HDL  ratio  versus  log2  (current  dioxin  + 

1). 

^  Adjusted  for  log2  total  lipids. 

®  Adjusted  for  log2  total  lipids  in  addition  to  covariates  specified  under  "Covariate  Remarks"  column. 

**  Log2  (current  dioxin  •+•  l)-by-covariate  interaction  (p<0.05);  adjusted  mean,  adjusted  slope,  standard  error, 
and  p-value  derived  from  a  model  fitted  after  deletion  of  this  interaction;  refer  to  Appendix  Table  1-2-20  for 
further  analysis  of  this  interaction. 

Note:  Model  4:  Low  =  <  8.1  ppt;  Medium  =  >8.1-20.5  ppt;  High  =  >20.5  ppt. 

Models  5  and  6:  Low  =  <  46  ppq;  Medium  =  >46-128  ppq;  High  =  >128  ppq. 
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Without  occupation,  the  adjusted  results  paralleled  the  unadjusted  results.  The  adjusted 
Model  3  analysis  detected  a  significant  difference  between  the  high  Ranch  Hand  category  and 
the  Comparison  group  and  a  marginally  significant  difference  between  the  low  plus  high 
Ranch  Hand  category  and  the  Comparison  group  (Appendix  Table  I-3-19(b):  p=0.006  and 
p=0.078  respectively). 

The  unadjusted  analyses  for  Models  4  through  6  revealed  a  highly  significant  positive 
association  between  HDL  cholesterol  ratio  and  current  dioxin  (Table  13-29(g):  p<  0.001, 

Est.  Slope=0.0312;  p  <0.001,  Est.  Slope=0.0384;  and  p=0.035,  Est.  Slope=0.0118  for 
Models  4,  5,  and  6  respectively). 

The  adjusted  analyses  for  Models  4  and  6  contained  a  significant  interaction  between 
current  dioxin  and  degreasing  chemical  exposure  (Table  13-29(h):  p=0.030  and  p=0.005 
respectively).  Current  dioxin-by-age  was  a  significant  interaction  in  the  adjusted  Model  5 
analysis  (Table  13-29(h):  p= 0.044).  In  addition  to  the  current  dioxin-by-covariate 
interactions  mentioned  above.  Models  4  and  5  included  race  and  current  alcohol  use,  whereas 
Model  6  contained  only  current  alcohol  use.  Appendix  Table  1-2-20  presents  results 
stratified  by  degreasing  chemical  exposure  for  Models  4  and  6  and  stratified  by  age  for 
Model  5.  After  excluding  the  current  dioxin-by-covariate  interactions,  the  results  of  the 
adjusted  analyses  for  models  4  and  5  supported  the  unadjusted  findings.  There  were  highly 
significant  positive  associations  between  the  HDL-cholesterol  ratio  and  lipid-adjusted  current 
dioxin  in  Model  4  (Table  13-29(h):  p< 0.001,  Adj.  Slope=0.0281),  and  between  the  HDL- 
cholesterol  ratio  and  whole-weight  current  dioxin  in  Model  5  (p< 0.001,  Adj. 

Slope =0.0395).  Forcing  total  lipids  into  the  adjusted  Model  6  analysis  caused  the 
association  between  the  HDL-cholesterol  ratio  and  whole-weight  dioxin  to  become  marginally 
significant  (p=0.093,  Adj.  Slope=0.0094).  This  resulted  from  the  strong  correlation 
between  total  lipids  and  the  HDL-cholesterol  ratio. 

Cholesterol-HDL  Ratio  (Discrete) 

The  unadjusted  and  adjusted  Model  1  analyses  did  not  reveal  a  significant  group 
difference  in  the  percentage  of  individuals  with  high  cholesterol-HDL  ratios  (Table 
13-30(a,b):  p>0.28  for  all  contrasts).  The  adjusted  model  contained  age,  occupation,  race, 
and  current  alcohol  use. 

The  unadjusted  Model  2  analysis  detected  a  marginally  significant  positive  association 
between  cholesterol-HDL  ratio  and  initial  dioxin  (Table  13-30(c):  p=0.081,  Est.  RR=1.13, 
95%  C. I.  =[0.98,  1.30]).  In  contrast  with  the  unadjusted  analysis,  the  adjusted  Model  2 
analysis  did  not  show  a  significant  association  between  cholesterol-HDL  ratio  and  initial 
dioxin  (Table  13-30(d):  p=0.547).  The  final  model  contained  age,  occupation,  current 
alcohol  use,  and  two  significant  covariate-by-covariate  interactions:  race-by-industrial 
chemical  exposure  and  race-by-degreasing  chemical  exposure. 

The  unadjusted  Model  3  analysis  revealed  a  significant  difference  between  the  high 
Ranch  Hand  category  and  the  Comparison  group  in  the  percentage  of  participants  with 
elevated  cholesterol-HDL  ratios  (Table  13-30(e):  p=0.009,  Est.  RR=1.49,  95%  C.I.=[1.11, 
2.00]).  The  unadjusted  analysis  also  detected  a  marginally  significant  difference  between  the 
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Table  13-30. 

Analysis  of  Cholesterol-HDL  Ratio 
(Discrete) 


_  a)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS  -  UNADJUSTED 

Ctocupational  Cat^ory 

Group 

n 

Percent 

fli^ 

Est.  Relative  lUsk 
(95%C.L) 

p-Value 

All 

Ranch  Hand 

925 

59.0 

1.10  (0.93,1.31) 

0.287 

Comparison 

1,241 

56.6 

Officer 

Ranch  Hand 

353 

51.0 

1.08  (0.82,1.42) 

0.633 

Comparison 

491 

49.1 

Enlisted  Flyer 

Ranch  Hand 

158 

63.9 

0.96  (0.62,1.50) 

0.959 

Comparison 

193 

64.8 

Enlisted  Groundcrew 

Ranch  Hand 

414 

64.0 

1.16(0.89,1.51) 

0.295 

Comparison 

557 

60.5 

:  RANCH  HANDS  VS.  COMPARISONS  —  ADJUSTED 

Occupational  Gategoiy 

Adj.  Relative  Risk 
(95%  C.L) 

p-Value 

Covariate  Remarks^ 

All 

1.07  (0.90,1.28) 

0.435 

AGE  (p  =0.096) 

Officer 

1.10(0.83,1.44) 

0.520 

RACE  (p=0.001) 

OCC  (p  <0.001) 

Enlisted  Flyer 

0.90  (0.57,1.40) 

0.637 

ALC  (p  <0.001) 

Enlisted  Groundcrew 

1.12(0.86,1.47) 

0.400 

®  Covariates  and  associated  p-values  correspond  to  final  model  based  on  all  participants  with  available  data. 
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Table  13-30.  (Continued) 
Analysis  of  Cholesterol-HDL  Ratio 
(Discrete) 


c)  MODEL  2:  RANCH  HANDS  —  INITIAL  DIOXIN  —  UNADJUSTED 


Initial  Dioxin  Categoiy  Summary  Statistics 

Analysis  Results  for  Logj  (Initial  Dioxin)^ 

Initial  Dioxin 

n 

Percent 

High 

Estimated  Relative  Risk 
(95%  C.I.)'’ 

p-Value 

Low 

172 

56.4 

1.13  (0.98,1.30) 

0.081 

Medium 

166 

68.7 

High 

168 

64.9 

d)  MODEL  2:  RANCH  HANDS  - 

-  INITIAL  DIOXIN  — 

ADJUSTED 

Analysis  Results  for  Logj  (Initial  Dioxin)^ 

n 

A<y.  Relative  Risk  (95%  C.I.)'’ 

p-Value 

Covariate  Remaite 

499 

1.05  (0.89,1.25) 

0.547 

AGE  (p =0.094) 

OCC  (p=0.128) 

ALC(p<  0.001) 
RACE*IC  (p =0.006) 
RACE*DC  (p =0.033) 

*  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 

Relative  risk  for  a  twofold  increase  in  initial  dioxin. 

Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  "Covariate  Remarks"  column. 

Note:  Low  =  39-98  ppt;  Medium  =  >98-232  ppt;  High  =  >232  ppt. 


13-153 


Table  13-30.  (Continued) 
Analysis  of  Cholesterol-HDL  Ratio 
(Discrete) 


€)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  -  UNADJUSTED 


IMoxin  Category 

n 

Percent 

High 

Est.  Relative  Risk 
(95%C.L)®^ 

p-Value 

Comparison 

1,033 

57.1 

Background  RH 

365 

52.9 

0.93  (0.73,1.18) 

0.543 

Low  RH 

253 

58.5 

1.04  (0.79,1.39) 

0.769 

HighRH 

253 

68.0 

1.49  (1.11,2.00) 

0.009 

Low  plus  High  RH 

506 

63.2 

1.24  (0.99,1.55) 

0.060 

f)  MODEL  3: 

RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  -  ADJUSTED 

Dioxin  Category 

n 

AdJ.  Rdative  IHsk 
(95%  C.I.)“ 

p-Value 

Covariate  Remarks 

Comparison 

Background  RH 

1,018 

363 

1.03  (0.80,1.33) 

0.803 

RACE  (p=0.012) 

OCC(p  <0.001) 

DC  (p =0.1 37) 

ALC(p  <0.001) 

Low  RH 

250 

1.02  (0.76,1.37) 

0.882 

HighRH 

249 

1.22  (0.89,1.66) 

0.216 

Low  plus  High  RH 

499 

1.11  (0.88,1.39) 

0.381 

®  Relative  risk  and  confidence  interval  relative  to  Comparisons. 


Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 

Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  tme  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  "Covariate  Remarks"  column. 

Note:  RH  =  Ranch  Hand. 

Comparison:  Current  Dioxin  ^  10  ppt. 

Background  (Ranch  Hand):  Current  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  Current  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  143  ppt. 

High  (Ranch  Hand):  Current  Dioxin  >  10  ppt.  Initial  Dioxin  >  143  ppt. 
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Table  13-30.  (Continued) 
Analysis  of  Cholesterol-HDL  Ratio 
(Discrete) 


1 

g)3fODELS  4,  5,  AND  6:  RANCH  HANDS  -  CURRENT  DIOXIN  -  UNADJUSTED 

Current  Dioxin  Category 
Percent  High/(n) 

Analysis  Results  for  Log2 
(Curr^  IMoxin  +  1) 

Model^ 

Low 

Medium 

High 

Est.  Relative  Risk 
(95%  C.!.)” 

p-Value 

4 

52.1 

(288) 

56.0 

(293) 

68.6 

(290) 

1.18  (1.08,1.30) 

<0.001 

5 

47.6 

(294) 

58.8 

(294) 

70.7 

(283) 

1.24  (1.14,1.35) 

<0.001 

6*= 

47.8 

(293) 

58.8 

(294) 

70.7 

(283) 

1.06  (0.96,1.16) 

0.261 

h)  MODELS  4,  5,  AND  6:  RANCH  HANDS  —  CURRENT  DIOXIN  —  ADJUSTED 


Analysis  Results  for  Log2  (Currrat  Dioxin  +  1) 

Mdad® 

n 

Adj.  Relative  Risk  ^ 
(95%  C.I.)'’ 

p- Value 

Coyariate  Remarks 

4 

862 

1.15  (1.04,1.27) 

0.006 

RACE  (p=0. 115) 

DC  (p=0.007) 

ALC  (p<  0.001) 

5 

862 

1.23  (1.12,1.34) 

<0.001 

IC  (p=0.135) 

DC  (p=0.008) 

ALC  (p< 0.001) 

6“ 

861 

1.02  (0.93,1.13) 

0.672 

DC  (p=0.022) 

ALC  (p< 0.001) 

®  Model  4:  Log2  (lipid-adjusted  current  dioxin  -1-1). 

Model  5;  Log2  (whole-weight  current  dioxin  -f  1). 

Model  6:  Log2  (whole-weight  current  dioxin  -t-  1),  adjusted  for  log2  total  lipids. 

’’  Relative  risk  for  a  twofold  increase  in  current  dioxin. 

Adjusted  for  log2  total  lipids. 

‘‘  Adjusted  for  log2  total  lipids  in  addition  to  covariates  specified  under  "Covariate  Remarks”  column. 

Note:  Model  4:  Low  =  ^  8.1  ppt;  Medium  =  >8.1-20.5  ppt;  High  =  >20.5  ppt. 

Models  5  and  6:  Low  =  <  46  ppq;  Medium  =  >46-128  ppq;  High  =  >  128  ppq. 
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low  plus  high  Ranch  Hand  category  and  the  Comparison  group  (Table  13-30(e):  p=0.060, 
Est.  RR=1.24,  95%  C.I.  =  [0.99,  1.55]).  The  percentages  of  cholesterol-HDL  ratio 
abnormalities  for  the  high  Ranch  Hands,  low  plus  high  Ranch  Hands,  and  the  Comparison 
group  were  68.0  percent,  63.2  percent,  and  57.1  percent  respectively. 

After  covariate  adjustment,  the  Model  3  analysis  no  longer  showed  any  of  the  Ranch 
Hand  categories  to  be  significantly  different  from  the  Comparison  group  (Table  13-30(f): 
p>0.21  for  all  contrasts).  The  final  model  contained  occupation,  race,  degreasing  chemical 
exposure,  and  current  alcohol  use. 

Removing  occupation  from  the  final  model  produced  a  change  in  the  adjusted  results. 
Without  occupation,  the  adjusted  Model  3  analysis  revealed  a  significant  difference  between 
the  high  Ranch  Hand  category  and  Comparison  group  (Appendix  Table  I-3-20(b):  p=0.030, 
Adj.  RR=1.40,  95%  C.I.  =  [1.03,  1.89]). 


The  unadjusted  analyses  for  Models  4  and  5  revealed  a  significant  positive  association 
between  cholesterol-HDL  ratio  and  current  dioxin  (Table  13-30(g):  p<  0.001,  Est. 

RR=1.18,  95%  C.I.=[1.08,  1.30];  p<0.001,  Est.  RR=1.24,  95%  C.I.=[1.14,  1.35]). 

The  unadjusted  Model  6  analysis  revealed  no  significant  association  (Table  13-30(g): 

p=0.261). 

The  adjusted  results  for  Models  4  through  6  paralleled  the  unadjusted  results.  After 
covariate  adjustment,  the  analysis  of  Models  4  and  5  revealed  a  significant  association 
between  cholesterol-HDL  and  current  dioxin  (Table  13-30(h):  p=0.006,  Adj.  RR=1.15, 

95%  C.L=[1.04,  1.27];  p<0.001,  Adj.  RR=1.23,  95%  C.L  =  [1.12,  1.34]).  The  adjusted 
Model  6  analysis  did  not  reveal  a  significant  association  (Table  13-30(h):  p =0.672).  Each  of 
the  adjusted  models  contained  degreasing  chemical  exposure  and  current  alcohol  use.  Race 
was  also  significant  in  Model  4,  and  industrial  chemical  exposure  was  significant  in  Model  5. 

Tr^lycerides  (Continuous) 

The  unadjusted  Model  1  analysis  did  not  show  a  significant  overall  group  difference  in 
the  mean  levels  of  triglycerides  (Table  13-3 1(a):  p =0.389).  Stratifying  the  unadjusted 
analysis  by  occupation  revealed  marginally  significant  group  differences  within  the  officer 
and  enlisted  flyer  strata  (Table  13-31(a):  p=0.058  and  p=0.074  respectively).  Within  the 
officer  stratum,  the  mean  level  of  triglycerides  was  higher  for  the  Ranch  Hands  than  the 
Comparisons  (144.96  mg/dl  vs.  134.52  mg/dl).  However,  the  Ranch  Hands  had  a  lower 
mean  triglyceride  level  in  the  enlisted  flyer  stratum  (145.32  mg/dl  vs.  162.09  mg/dl). 

Group-by-occupation  was  a  significant  covariate  in  the  adjusted  Model  1  analysis  (Table 
13-3 1(b):  p= 0.027).  The  final  model  also  contained  race  and  the  age-by-lifetime  alcohol 
history  interaction.  The  adjusted  analysis  did  not  detect  a  significant  overall  group  difference 
when  the  group-by-occupation  interaction  was  removed  from  the  final  model  (Table  13-3 1(b): 
p=0.362).  For  the  stratified  analysis,  the  group  difference  for  the  officers  became 
significant  (Table  13-31(b):  p=0.039),  and  the  enlisted  flyer  group  contrast  remained 
marginally  significant  (Table  13-31(b):  p=0.062). 
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Table  13-31. 

Analysis  of  Triglycerides  (mg/dl) 
(Continuous) 


_  a)  MODEL  1:  RANCH  HANDS  VS. 

COMPARISONS  -  UNADJUSTED 

Occupational 

Difference  of  Means 

Category 

Group 

n 

Mean^ 

p-Value^ 

All 

Ranch  Hand 

939 

147.42 

3.04- 

0.389 

Comparison 

1,253 

144.38 

Officer 

Ranch  Hand 

361 

144.96 

10.44  ~ 

0.058 

Comparison 

495 

134.52 

Enlisted  Flyer 

Ranch  Hand 

162 

145.32 

-16.76  - 

0.074 

Comparison 

196 

162.09 

Enlisted  Groundcrew 

Ranch  Hand 

416 

150.43 

2.85  - 

0.587 

Comparison 

562 

147.58 

b)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS  —  ADJUSTED 


Occupational 

Category 

Group 

n 

Adj. 

Mean^ 

DiHerence  of  Adj. 
Means  (95%  C.I.)*’ 

p-Value'^ 

Covariate  R^narks^ 

All 

Ranch  Hand 

917 

131.89** 

2.88  -** 

0.362** 

GROUP*OCC  (p  =0.027) 

Comparison 

1,232 

129.01** 

RACE  (p <0.001) 

Officer 

Ranch  Hand 

357 

125.96** 

9.67  -** 

0.039** 

AGE*DRKYR  (p=0.039) 

Comparison 

487 

116.29** 

Enlisted  Flyer 

Ranch  Hand 

156 

128.58** 

-15.12  --** 

0.062** 

Comparison 

195 

143.70** 

Enlisted 

Ranch  Hand 

404 

135.38** 

2.76  --** 

0.572** 

Groundcrew 

Comparison 

550 

132.62** 

®  Transformed  from  natural  logarithm  scale. 

*’  Difference  of  means  after  transformation  to  original  scale;  confidence  interval  on  difference  of  means  not 
presented  because  analysis  was  performed  on  natural  logarithm  scale. 

P-values  based  on  difference  of  means  on  natural  logarithm  scale. 

**  Covariates  and  associated  p-values  correspond  to  final  model  based  on  all  participants  with  available  data. 

**  Group-by-covariate  interaction  (0.01  <p<0.05);  adjusted  mean,  difiierence  of  adjusted  means,  confidence 
interval,  and  p-value  derived  from  a  model  fitted  after  deletion  of  this  interaction;  refer  to  Appendix  Table 
1-2-21  for  further  analysis  of  this  interaction. 
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Table  13-31.  (Continued) 
Analysis  of  Triglycerides  (mg/dl) 
(Continuous) 


c)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  -  UNADJUSTED 


Initial  Dioxin  Category  Summary  Statistics 

Analysis  Results  for  Loga  (Initial  Dioxin)*’ 

Initial  Dioxin 

n 

Mean^ 

Adj. 
Mean^  " 

R* 

:  Slope 
(Std.  Error)' 

p-Value 

Low 

173 

144.60 

146.18 

0.033 

0.0366  (0.0190) 

0.055 

Medium 

170 

164.11 

164.69 

High 

172 

163.20 

160.85 

d)  MODEL  2:  RANCH  HANDS  —  INITIAL  DIOXIN  —  ADJUSTED 


Initial  Dioxin  Category  Summary 
Statistics 

Adj. 


Initial  Dioxin 

'■■■7  n  • 

Mean“* 

Low 

173 

128.27** 

Medium 

170 

144.14** 

High 

172 

141.84** 

Analysis  Results  for  Log^  (Initial  Dioxin)** 

Adj-i  Slope 

R^  (Std.  Error)' :  :  |>-Yalue  Covariate  Remarks 


0.065  0.0403  (0.0218)**  0.065**  INIT*OCC  (p=0.031) 

RACE  (p =0.003) 


Transformed  from  natural  logarithm  scale. 


*•  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 


'  Slope  and  standard  error  based  on  natural  logarithm  of  triglycerides  versus  log2  (initial  dioxin). 

'*  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  "Covariate  Remarks”  column. 

**  Log2  (initial  dioxin)-by-covariate  interaction  (0.01<p<0.05);  adjusted  mean,  adjusted  slope,  standard  error, 
and  p-value  derived  from  a  model  fitted  after  deletion  of  this  interaction;  refer  to  Appendix  Table  1-2-21  for 
further  analysis  of  this  interaction. 

Note:  Low  =  39-98  ppt;  Medium  =  >98-232  ppt;  High  =  >232  ppt. 
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Table  13-31.  (Continued) 
Analysis  of  Triglycerides  (mg/dl) 
(Continuous) 


e)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  —  UNADJUSTED 


Dioxin  Categoiy 

n 

Mean® 

Adj. 

Mean* 

IMfference  of  Adj- 
Mean  vs.  Cranpaiisons  :  : 
(95%  C.l.f 

p-Value‘ 

Comparison 

1,043 

145.90 

145.69 

Background  RH 

369 

134.41 

139.43 

-6.26  - 

0.188 

LowRH 

257 

147.66 

145.96 

0.27  - 

0.962 

HighRH 

258 

166.86 

161.08 

15.39  - 

0.008 

Low  plus  High  RH 

515 

156.99 

153.33 

7.64  ~ 

0.083 

0  MODEL  3: 

RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  -  ADJUSTED 

Difference  of  Adj. 

Adj. 

Mean  vs.  C(Hnjpari$ons 

p^Value^ 

Dioxin  Category 

n 

Mean®® 

(95%  C.L)® 

Remarks 

Comparison 

1,025 

130.78 

RACE(p<0.001) 

OCC  (p =0.013) 

Background  RH 

362 

127.25 

-3.53  ~ 

0.423 

AGE*DRKYR  (p =0.013) 

LowRH 

251 

132.05 

1.27  ~ 

0.802 

HighRH 

251 

142.50 

11.72- 

0.031 

Low  plus  High  RH 

502 

137.17 

6.39  - 

0.112 

®  Transformed  from  natural  logarithm  scale. 

^  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 

Difference  of  adjusted  means  after  transformation  to  original  scale;  confidence  interval  on  difference  of 
adjusted  means  not  presented  because  analysis  was  performed  on  natural  logarithm  scale. 

^  P-value  is  based  on  difference  of  means  on  natural  logarithm  scale. 

®  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  "Covariate  Remarks"  column. 

Note:  RH  =  Ranch  Hand. 

Comparison:  Current  Dioxin  <  10  ppt. 

Backgroimd  (Ranch  Hand):  Current  Dioxin  :£  10  ppt. 

Low  (Ranch  Hand);  Current  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  143  ppt. 

High  (Ranch  Hand):  Ciurent  Dioxin  >  10  ppt.  Initial  Dioxin  >  143  ppt. 
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Table  13-31.  (Continued) 
Analysis  of  Triglycerides  (mg/dl) 
(Continuous) 


g)  MODELS  4,  5,  AND  6;  RANCH  HANDS  -  CURRENT  DIOXIN  -  UNADJUSTED 


Current  Dioxin  Category 
Mean®/{n) 

Analysis  Results  for  Lo€2 
(Curroit  Dioxin  +  1) 

Modd” 

Low 

Medium 

High 

Slope 

(Std.  Error)*^ 

p-Value 

4 

132.26 

(290) 

144.11 

(298) 

166.78 

(296) 

0.027 

0.0649 

(0.0130) 

<0.001 

5 

123.83 

(294) 

145.27 

(297) 

177.21 

(293) 

0.066 

0.0888 

(0.0109) 

<0.001 

6*^ 

141.65 

(293) 

147.20 

(297) 

152.67 

(293) 

0.380 

0.0196 

(0.0096) 

0.041 

h)  MODELS  4,  5,  AND  6:  RANCH  HANDS  -  CURRENT  DIOXIN  -  ADJUSTED 


C^^^^  Dioxin  Category 
Adjusted  Mean®/(n) 

Analysis  Results  for  Log2 

Model’’ 

;Lo\V:-s 

Medium 

ffigh 

ftoj.  Mope 
((St^:  Error)'^ 

p-Value 

Gbvariate  Remarks 

4 

114.92** 

(290) 

127.79** 

(298) 

151.18** 

(296) 

0.048 

0.0729 

(0.0149)** 

<0.001** 

CURR*OCC  (p =0.035) 
RACE  (p =0.002) 

5 

106.25** 

(290) 

128.43** 

(290) 

164.67** 

(284) 

0.116 

0.1049 

(0.0124)** 

<0.001** 

CURR*OCC  (p<  0.001) 
CURR*DRKYR  (p=0.027) 
RACE  (p =0.002) 
AGE*DRKYR  (p=0.031) 

6" 

128.58** 

(289) 

136.68** 

(290) 

145.26** 

(284) 

0.401 

0.0298 

(0.0110)** 

0.007** 

CURR*OCC  (p=0.041) 
CURR*DRKYR  (p =0.035) 
RACE  (p =0.024) 

ALC  (p =0.099) 

“  Transformed  from  natural  logarithm  scale. 

Model  4:  Log2  (lipid-adjusted  current  dioxin  +  1). 

Model  5:  Log2  (whole- weight  current  dioxin  -t-  1). 

Model  6:  Log2  (whole-weight  current  dioxin  -f  1),  adjusted  for  log2  total  lipids. 

'  Slope  and  standard  error  based  on  natural  logarithm  of  triglycerides  versus  log2  (current  dioxin  +  1). 

**  Adjusted  for  log2  total  lipids. 

®  Adjusted  for  log2  total  lipids  in  addition  to  covariates  specified  under  "Covariate  Remarks"  column. 

**  Log2  (current  dioxin  +  l)-by-covariate  interactions  (p^O.05);  adjusted  mean,  adjusted  slope,  standard  error, 
and  p-value  derived  from  a  model  fitted  after  deletion  of  these  interactions;  refer  to  Appendix  Table  1-2-21 
for  farther  analysis  of  these  interactions. 


Note:  Model  4:  Low  =  <  8.1  ppt;  Medium  =  >8.1-20.5  ppt;  High  =  >20.5  ppt. 

Models  5  and  6:  Low  =  <  46  ppq;  Medium  =  >46-128  ppq;  High  =  >128  ppq. 
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The  unadjusted  Model  2  results  showed  a  marginally  significant  positive  association 
between  triglycerides  and  initial  dioxin  (Table  13-31(c):  p=0.055,  Est.  Slope =0.03 66).  The 
adjusted  analysis  of  Model  2  contained  a  significant  interaction  between  initial  dioxin  and 
occupation  (Table  13-31(d):  p=0.031).  Appendix  Table  1-2-21  displays  adjusted  results 
stratified  by  occupation.  The  final  model  also  included  race.  The  association  between 
triglycerides  and  initial  dioxin  remained  marginally  significant  after  the  initial  dioxin-by¬ 
occupation  interaction  was  removed  from  the  adjusted  analysis  (Table  13-31(d);  p=0.065, 
Adj.  Slope=0.0403). 

The  unadjusted  Model  3  analysis  showed  a  significant  difference  between  the  high 
Ranch  Hands  and  Comparisons  and  a  marginally  significant  difference  between  the  low  plus 
high  Ranch  Hands  and  Comparisons  (Table  13-31(e):  p=0.008  and  p=0.083  respectively). 
The  mean  levels  of  triglycerides,  adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA 
and  the  change  in  percent  body  fat  from  the  time  of  duty  in  SEA  to  the  date  of  the  blood 
draw  for  dioxin,  for  the  high  Ranch  Hands,  low  plus  high  Ranch  Hand  category,  and  the 
Comparison  group  were  161.08  mg/dl,  153.33  mg/dl,  and  145.69  mg/dl  respectively. 

After  adjusting  for  race,  occupation,  and  the  age-by-lifetime  alcohol  history  interaction, 
the  adjusted  analysis  detected  a  significant  difference  between  the  high  Ranch  Hand  category 
and  the  Comparison  group  (Table  13-31(f):  p=0.031).  The  contrast  between  the  low  plus 
high  Ranch  Hand  category  and  the  Comparison  group  became  nonsignificant  (p=0.112). 
After  deletion  of  occupation  from  the  final  model,  the  contrast  between  the  low  plus  high 
Ranch  Hand  category  and  the  Comparison  group  became  significant  (Appendix  Table 
I-3-21(b):  p=0.040). 

Each  of  the  unadjusted  analyses  for  Models  4  through  6  revealed  a  significant 
association  between  triglycerides  and  current  dioxin  (Table  13-31(g):  p<0.001,  Est. 
Slope=0.0649;  p <0.001,  Est.  Slope=0.0888;  and  p=0.041,  Est.  Slope=0.0196  for  Models 
4,  5,  and  6  respectively). 

The  interaction  between  current  dioxin  and  occupation  was  significant  in  each  of  the 
adjusted  analyses  of  Models  4,  5,  and  6  (Table  13-31(h):  p=0.035,  p<0.001,  and  p=0.041 
respectively).  The  current  dioxin-by-lifetime  alcohol  history  interaction  also  was  significant 
in  Models  5  and  6  (Table  13-31(h):  p=0.027  and  p=0.035  for  Models  4  and  5).  Appendix 
Table  1-2-21  presents  adjusted  results  stratified  by  occupation  and  lifetime  alcohol  history.  In 
addition  to  the  current  dioxin-by-covariate  interactions.  Model  4  included  race;  Model  5 
contained  race  and  the  age-by-lifetime  alcohol  history  interaction;  and  Model  6  included  race 
and  current  alcohol  use.  Without  the  current  dioxin-by-covariate  interactions,  the  adjusted 
analyses  detected  a  significant  positive  association  between  triglycerides  and  current  dioxin 
(Table  13-13(h):  p<0.001,  Adj.  Slope=0.0729;  p<0.001,  Adj.  Slope=0.1049;  and 
p=0.()07,  Adj.  Slope=0.0298  for  Models  4,  5,  and  6  respectively). 

Triglycerides  (Discrete) 

The  unadjusted  Model  1  analysis  did  not  reveal  a  significant  overall  group  difference  in 
the  percentage  of  individuals  having  high  triglyceride  levels  (Table  13-32(a):  p=0.179). 
Stratifying  the  analysis  by  occupation  revealed  a  marginally  significant  group  difference 
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within  the  officer  stratum  (Table  13-32(a):  p =0.063,  Est.  RR=1.58,  95%  C.I.  =  [1.00, 
2.50]).  For  the  officers,  the  percentage  of  triglyceride  abnormalities  was  higher  for  the 
Ranch  Hands  than  for  the  Comparisons  (11.9%  vs.  7.9%). 

After  adjusting  for  age,  race,  and  industrial  chemical  exposure,  the  Model  1  analysis  did 
not  reveal  a  significant  overall  group  difference  (Table  13-32(b):  p=0.162).  However,  the 
group  contrast  within  the  officer  stratum  became  significant  (Table  13-32(b):  p=0.050,  AdJ. 
RR=1.58,  95%  C.I.=[1.00,  2.49]). 


The  unadjusted  and  adjusted  Model  2  analyses  did  not  show  a  significant  association 
between  triglycerides  and  initial  dioxin  (Table  13-32(c,d):  p>0.15  for  both  analyses).  Race 
and  degreasing  chemical  exposure  were  significant  in  the  adjusted  analysis. 

The  unadjusted  Model  3  analysis  revealed  a  marginally  significant  difference  between 
the  high  Ranch  Hand  category  and  the  Comparison  group  (Table  13-32(e);  p =0.071,  Est. 
RR=1.46,  95%  C. I.  =[0.97,  2.19]).  Ranch  Hands  had  a  higher  percentage  of  individuals 
with  high  triglyceride  levels  than  Comparisons  (14.7%  vs.  9.7%). 

Adjusting  for  age  and  race  caused  the  contrast  between  the  high  Ranch  Hands  and  the 
Comparison  group  to  become  significant  (Table  13-32(f):  p=0.036,  Adj.  RR=1.56,  95% 
C.I.=[1;03,  2.36]).  The  adjusted  Model  3  analysis  did  not  reveal  any  other  significant 
contrasts  involving  the  Comparisons. 

The  unadjusted  results  for  Models  4  and  5  revealed  a  significant  positive  association 
between  triglycerides  and  current  dioxin  (Table  13-32(g):  p=0.013,  Est.  RR=1.19,  95% 
C.I.  =  [1.04,  1.37]  andp<0.001,  Est.  RR=1.35,  95%  C.I.  =  [1.19,  1.53]  for  Models  4  and 
5  respectively).  The  unadjusted  Model  6  analysis  did  not  reveal  a  significant  association 
(Table  13-32(g):  p=0.949). 

The  adjusted  analyses  of  Models  4  and  5  revealed  a  significant  positive  association 
between  triglycerides  and  current  dioxin  (Table  13-32(h):  p=0.002,  Adj.  RR=1.32,  95% 
C.I.  =  [1.11,  1.57]  andp<0.001,  Adj.  RR=1.60,  95%  C.I.  =  [1.35,  1.90]),  but  the  adjusted 
Model  6  analysis  did  not  show  a  significant  association  (Table  13-32(h):  p=0.293).  The 
analyses  of  Models  4  and  5  contained  occupation  and  race,  whereas  the  adjusted  Model  6 
analysis  contained  the  occupation-by-degreasing  chemical  exposure  interaction. 

Creatine  Kinase  (Continuous) 

The  unadjusted  Model  1  analysis  did  not  show  a  significant  group  difference  in  the 
mean  levels  of  creatine  kinase  (Table  13-33(a):  p>0.14  for  all  contrasts).  The  adjusted 
Model  1  analysis  contained  a  significant  interaction  between  group  and  race.  Appendix 
Table  1-2-22  presents  the  adjusted  results  stratified  by  race.  The  adjusted  analysis  also 
includes  five  covariate-by-covariate  interactions:  age-by-lifetime  alcohol  history,  current 
alcohol  use-by-degreasing  chemical  exposure,  current  alcohol  use-by-lifetime  alcohol  history, 
current  alcohol  use-by-industrial  chemical  exposure,  and  race-by-lifetime  alcohol  history. 

The  adjusted  analysis  did  not  reveal  a  significant  group  difference  after  removing  the  group- 
by-race  interaction  from  the  final  model  (Table  13-33(b):  p>0.29  for  all  contrasts). 
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Table  13-32. 

Analysis  of  Triglycerides 
(Discrete) 


a)  MODEL!:  RANCH  HANDS  VS.  COMPARISONS 

-  UNADJUSTED 

Occupational  Category 

Group 

n 

Percort 

High 

I^t.  Rdative  Risk 
(95%  C.L) 

p-Value 

All 

Ranch  Hand 

939 

11.2 

1.22  (0.93,1.61) 

0.179 

Comparison 

1,253 

9.3 

Officer 

Ranch  Hand 

361 

11.9 

1.58  (1.00,2.50) 

0.063 

Comparison 

495 

7.9 

Enlisted  Flyer 

Ranch  Hand 

162 

13.6 

1.24  (0.66,2.34) 

0.607 

Comparison 

196 

11.2 

Enlisted  Groundcrew 

Ranch  Hand 

416 

9.6 

0.96(0.63,1.47) 

0.942 

Comparison 

562 

10.0 

b)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS  -  ADJUSTED 


Occupational  Categoiy 

Adj.  Relative  Risk 
(95%  C.I.) 

p-Value 

Covariate  Remarks^ 

All 

1.22  (0.92,1.61) 

0.162 

AGE  (p =0.046) 

Officer 

1.58  (1.00,2.49) 

0.050 

RACE(p=0.013) 

IC(p=0.125) 

Enlisted  Flyer 

1.21  (0.64,2.29) 

0.549 

Enlisted  Groundcrew 

0.97  (0.63,1.48) 

0.877 

®  Covariates  and  associated  p-values  correspond  to  final  model  based  on  all  participants  with  available  data 
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Table  13-32.  (Continued) 
Analysis  of  Triglycerides 
(Discrete) 


c)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  -  UNADJUSTED 


Initial  Dioxin  Category  Summary  Statistics 

Analysis  Results  for  Log^  (Initial  Dioxin)^  ;  '  j 

Percent 

E^imated  Relative  Risk 

Initial  Dioxin 

n 

High 

(95%  C.L)^ 

p-Value 

Low 

173 

9.2 

1.13  (0.93,1.37) 

0.211 

Medium 

170 

16.5 

High 

172 

12.8 

d)  MODEL  2:  RANCH  HANDS  DIOXIN  - 

ADJUSTED 

Analysis  Results  for  Logj  (Initial  Dioxin)' 

n 

Adj.  Relative  Risk  <95%  C.L)’’  p-Value 

Covariate  Remarks 

515 

1.15  (0.95,1.40)  0.156 

RACE  (p=0.067) 

DC  (p =0.079) 

*  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 


**  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 

Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  imder  "Covariate  Remarks"  column. 

Note:  Low  =  39-98  ppt;  Medium  =  >98-232  ppt;  High  =  >232  ppt. 
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Table  13-32.  (Continued) 
Analysis  of  Triglycerides 
(Discrete) 


e)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY 

-UNADJUSTED 

Dioxin  Category 

n 

Percent 

High 

.  Est.  Relative  Risk 
WeC.!.)**  . 

p-Value 

Comparison 

1,043 

9.7 

Background  RH 

369 

8.9 

1.04(0.68,1.58) 

0.862 

LowRH 

257 

10.9 

1.10(0.70,1.72) 

0.685 

HighRH 

258 

14.7 

1.46  (0.97,2.19) 

0.071 

Low  plus  High  RH 

515 

12.8 

1.28(0.91,1.78) 

0.152 

D  MODEL  3  : 

RANCH  HANDS  AND  COMPARIS^S  BY  DIO^  —  ADJUSTED 

Dioxin  Category 

Adjv  Relative  Risk 

Comparison 

1,043 

AGE  (p=0.018) 

RACE  (p=0.016) 

Background  RH 

369 

0.99  (0.65,1.50) 

0.959 

LowRH 

257 

1.07  (0.68,1.69) 

0.759 

High  RH 

258 

1.56  (1.03,2.36) 

0.036 

Low  plus  High  RH 

515 

1.31  (0.93,1.83) 

0.121 

^  Relative  risk  and  confidence  interval  relative  to  Comparisons. 


^  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 

^  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  "Covariate  Remarks"  column. 

Note:  RH  =  Ranch  Hand. 

Comparison:  Current  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  Current  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  Current  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  143  ppt. 

High  (Ranch  Hand):  Current  Dioxin  >  10  ppt.  Initial  Dioxin  >  143  ppt. 
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Table  13-32.  (Continued) 
Analysis  of  Triglycerides 
(Discrete) 


g)  MODELS  4,  5>  AND  6:  RANCH  HANDS  ^  CURRENT  DIOXIN  -  UNADJUSTED 


Current  Dioxin  Categoiy 
Percent  ;High/(n) 

Analysis  Results  for  1x^2 
(Current  Dioxin  +  1) 

Est.  Relative  Risk 

Model® 

Low 

Medii^ 

IBgh 

(95%  C.I.)*’ 

p-Value 

4 

8.3 

10.4 

14.9 

1.19(1.04,1.37) 

0.013 

(290) 

(298) 

(296) 

5 

5.8 

10.1 

17.7 

1.35  (1.19,1.53) 

<0.001 

(294) 

(297) 

(293) 

6" 

5.8 

10.1 

17.7 

1.01  (0.86,1.17) 

0.949 

(293) 

(297) 

(293) 

h)  MODELS  4,  5,  AND  6:  RANCH  HANDS  — 

CURRENT  DIOXIN  -  ADJUSTED 

Analysis  Results  for  1x^2  (Currait  Dioxin  4-1) 

Model® 

Adj.  Relative  Risk 
(95%  C.I.)*’ 

Value 

Covaiiate  Remarks 

4 

884 

1.32  (1.11,1.57) 

0.002 

RACE  (p  =0.030) 

OCC  (p =0.088) 

5 

884 

1.60  (1.35,1.90) 

<0.001 

RACE  (p  =0.056) 

OCC  (p=0.001) 

6*^ 

883 

1.11  (0.92,1.33) 

0.293 

OCC*DC  (p=0.049) 

*  Model  4:  Log2  (lipid-adjusted  current  dioxin  H-  1). 

Model  5:  Log2  (whole-weight  current  dioxin  -1-1). 

Model  6:  Log2  (whole-weight  current  dioxin  -1-1),  adjusted  for  log2  total  lipids. 


Relative  risk  for  a  twofold  increase  in  current  dioxin. 

'  Adjusted  for  log2  total  lipids. 

Adjusted  for  log2  total  lipids  in  addition  to  covariates  specified  under  "Covariate  Remarks"  column. 

Note:  Model  4:  Low  =  <  8.1  ppt;  Medium  =  >8.1-20.5  ppt;  High  =  >20.5  ppt. 

Models  5  and  6:  Low  =  <  46  ppq;  Medium  =  >46-128  ppq;  High  =  >  128  ppq. 
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Table  13-33. 

Analysis  of  Creatine  Kinase  (U/L) 
(Continuous) 


a)  MODEL  1:  RANCH  HANDS  VS. 

COMPARISONS  —  UNADJUSTED 

Occupational 

Difference  of  Means 

Category 

Group 

n 

Mean® 

{95%  C.I,)’’ 

p-Value' 

All 

Ranch  Hand 

939 

128.05 

-1.25  - 

0.679 

Comparison 

1,253 

129.31 

Officer 

Ranch  Hand 

361 

127.61 

2.88  - 

0.535 

Comparison 

495 

124.74 

Enlisted  Flyer 

Ranch  Hand 

162 

117.32 

-10.20  - 

0.146 

Comparison 

196 

127.51 

Enlisted  Groundcrew 

Ranch  Hand 

416 

132.89 

-1.23  - 

0.799 

Comparison 

562 

134.12 

b)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS  —  ADJUSTED 

Occupational 

Adj. 

IMfference  of  Adj. 

Categoiy 

Group 

n 

Mean® 

Means  (95%  C.I.)” 

p-Value'^ 

Covaiiate  K^arks^ 

All 

Ranch  Hand 

917 

168.64** 

-1.08  -** 

0.780** 

GROUP*RACE  (p <0.001) 

Comparison 

1,232 

169.72** 

AGE*DRKYR  (p  =0.017) 

Officer 

Ranch  Hand 

357 

175.29** 

4.62  -** 

0.464** 

ALC*DC  (p=0.022) 

Comparison 

487 

170.67** 

ALC*DRKYR  (p =0.038) 

ALC*IC  (p=0.021) 

Enlisted  Flyer 

Ranch  Hand 

156 

158.25** 

-9.52  -** 

0.299** 

RACE*DRKYR  (p  =0.037) 

Comparison 

195 

167.76** 

Enlisted 

Ranch  Hand 

404 

167.41** 

-2.53  -** 

0.663** 

Groundcrew 

Comparison 

550 

169.93** 

^  Transformed  from  natural  logarithm  scale. 


^  Difference  of  means  after  transformation  to  original  scale;  confidence  interval  on  difference  of  means  not 
presented  because  analysis  was  performed  on  natural  logarithm  scale. 

^  P-values  based  on  difference  of  means  on  natural  logarithm  scale. 

^  Covariates  and  associated  p-values  correspond  to  final  model  based  on  all  participants  with  available  data. 

**  Group-by-covariate  interaction  (0.01  <p<0.05);  adjusted  mean,  difference  of  adjusted  means,  confidence 
interval,  and  p-value  derived  from  a  model  fitted  after  deletion  of  this  interaction;  refer  to  Appendix  Table 
1-2-22  for  further  analysis  of  this  interaction. 
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Table  13-33.  (Continued) 
Analysis  of  Creatine  Kinase  (U/L) 
(Continuous) 


c)  MODEL  2;  RANCH  HANDS  —  INITIAL  DIOXIN  -  UNADJUSTED 


Initial  Dioxin  Category  Summary  Statistics 

Analysis  Results  for  Log2  (Initial  Dioxin)'’ 

Initial  Dioxin 

n 

Mean^ 

Adj. 

Mean^ 

R^ 

Slope 

(Std.  Error)® 

p-Value 

Lx)w 

173 

128.97 

130.38 

0.032 

0.0114  (0.0173) 

0.512 

Medium 

170 

125.22 

125.65 

High 

172 

139.43 

137.45 

d)  MODEL  2:  RANCH  HANDS  —  mUlAL  DIOXIN  —  ADJUSTED 


Initial  Dioxin  Category  Summary 
Statistics 


Analysis  R^idts  for  Logj  (Initial  Dioxin)® 


Initial  Dioxin  ; 

n 

Adj. 

:  Mean®*: . 

.  ■■■::r*::  ■■ 

Adj.  Slope 

(Std.  Error)®  p-Value 

Covariate  Remarks 

Lx)w 

170 

156.53 

0.124 

0.0217  (0.0167)  0.196 

RACE*DRKYR  (p<0.001) 

Medium 

165 

153.93 

High 

167 

169.59 

‘  Transformed  from  natural  logarithm  scale. 


^  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 


®  Slope  and  standard  error  based  on  natural  logarithm  of  creatine  kinase  versus  log2  (initial  dioxin). 

^  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  "Covariate  Remarks"  column. 

Note:  Low  =  39-98  ppt;  Medium  =  >98-232  ppt;  High  =  >232  ppt. 
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Table  13-33.  (Continued) 
Analysis  of  Creatine  Kinase  (U/L) 
(Continuous) 


e)  MODEL  3;  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  -  UNADJUSTED 

IHffmnce  of  Adj. 


Dioxin  Gat^ory 

Mean“ 

Adj. 

Mean* 

Mean  vs.  Ccmsparisons 
(95%  C.r.)= 

p-Value^ 

Comparison 

1,043 

128.46 

128.30 

Backgroimd  RH 

369 

123.12 

126.97 

-1.33  ~ 

0.750 

Low  RH 

257 

129.04 

127.95 

-0.35  - 

0.941 

HighRH 

258 

133.17 

129.17 

0.87  ~ 

0.857 

Low  plus  High  RH 

515 

131.09 

128.56 

0.26  - 

0.945 

0  MODEL  3:  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  —  ADJUSTED 

Dioxin  Category 

■.■  ■■■  ■  n 

Difference  of  Adj. 

Adj.  Mean  vs.  CtMuparisons 

Mean^  (95%  C.I.)^  p-Valne**  Covariate  Remarks 

Comparison 

1,025 

170.02** 

DXCAT*RACE  (p =0.0 13) 
DXCAT*DRKYR  (p =0.020) 

Background  RH 

362 

168.64** 

-1.38  -** 

0.801** 

AGE  (p=0.002) 

OCC*DRKYR  (p  =0.039) 

Low  RH 

251 

167.25** 

“2.77  --** 

0.650** 

RACE*DRKYR  (p =0.049) 

HighRH 

251 

172.64** 

2.61 

0.684** 

Low  plus  High  RH 

502 

169.92** 

“0.10  -“** 

0.983** 

^  Transfonned  from  natural  logarithm  scale. 


^  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 

'  Difference  of  adjusted  means  after  transformation  to  original  scale;  confidence  interval  on  difference  of 
adjusted  means  not  presented  because  analysis  was  performed  on  natural  logarithm  scale. 

^  P-value  is  based  on  difference  of  means  on  natural  logarithm  scale. 

®  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  "Covariate  Remarks"  column. 

**  Categorized  dioxin-by-covariate  interactions  (0.01  <p<0.05);  adjusted  mean,  difference  of  adjusted  means, 
and  p-value  derived  from  a  model  fitted  after  deletion  of  these  interactions;  refer  to  Appendix  Table  1-2-22 
for  farther  analysis  of  these  interactions. 

Note:  RH  =  Ranch  Hand. 

Comparison:  Current  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  Current  Dioxin  ^  10  ppt. 

Low  (Ranch  Hand):  Current  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  ^  143  ppt. 

High  (Ranch  Hand):  Current  Dioxin  >  10  ppt,  Initial  Dioxin  >  143  ppt. 
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Table  13-33.  (Continued) 
Analysis  of  Creatine  Kinase  (U/L) 
(Continuous) 


g)  MODELS  4,  5,  AND  6:  RANCH  HANDS  —  CURRENT  DIOXIN  -  UNADJUSTED 


Current  Dioxin  Cat^ory 
Mean®/(n) 

^aiysis  Results  for  Log2 
::  (CoiTent  Dioxin  +  1) 

Modd*’ 

Low 

Medium 

High  ■ 

R^ 

Slope 

(Std.  Error)’^  : 

p-Value 

4 

121.20 

129.41 

132.63 

0.006 

0.0278 

0.017 

(290) 

(298) 

(296) 

(0.0116) 

5 

120.67 

131.43 

131.27 

0.007 

0.0253 

0.011 

(294) 

(297) 

(293) 

(0.0100) 

6*“ 

121.11 

131.44 

131.23 

0.006 

0.0237 

0.027 

(293) 

(297) 

(293) 

(0.0107) 

h)  MODELS  4,  5,  AND  6:  RANCH  HANDS  -  CURRENT  DlOXm  -^ 


Model^ 

Current  Dioxin  Cat^ory 
Adjusted  Mean^/(n) 

Low  Medium  High 

R^ 

Analysis  Results  for  Log2 
(Current  Dioxin  +  i) 

Adj,  Slope 

(Std.  Error)^  p-Value  Covariate  Remarks 

4 

135.67 

(287) 

146.74 

(290) 

154.76 

(287) 

0.089 

0.0392 

(0.0130) 

0.003 

AGE  (p =0.139) 

DC  (p =0.135) 
RACE*OCC  (p=0.033) 
RACE*DRKYR  (p< 0.001) 

5 

136.29 

(290) 

148.17 

(290) 

153.20 

(284) 

0.090 

0.0350 

(0.0110) 

0.002 

AGE  (p  =0.122) 

DC  (p =0.124) 
RACE*OCC  (p =0.035) 
RACE*DRKYR  (p< 0.001) 

6" 

137.18 

(289) 

148.32 

(290) 

152.79 

(284) 

0.088 

0.0324 

(0.0119) 

0.006 

AGE  (p =0.127) 

DC  (p=0.131) 
RACE*OCC  (p  =0.034) 
RACE*DRKYR  (p< 0.001) 

“  Transformed  from  natural  logarithm  scale. 


Model  4:  Log2  (lipid-adjusted  current  dioxip  -hi). 

Model  5:  Log2  (whole-weight  current  dioxin  +  1). 

Model  6:  Log2  (whole-weight  current  dioxin  1),  adjusted  for  log2  total  lipids. 

Slope  and  standard  error  based  on  natural  logarithm  of  creatine  kinase  versus  log2  (current  dioxin  -1-1). 
**  Adjusted  for  log2  total  lipids. 

®  Adjusted  for  log2  total  lipids  in  addition  to  covariates  specified  under  "Covariate  Remarks"  column. 

Note:  Model  4:  Low  =  <  8.1  ppt;  Medium  =  >8.1-20.5  ppt;  High  =  >20.5  ppt. 

Models  5  and  6:  Low  =  <  46  ppq;  Medium  =  >46-128  ppq;  High  =  >128  ppq. 
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The  unadjusted  and  adjusted  Model  2  analyses  did  not  show  a  significant  association 
between  creatine  kinase  and  initial  dioxin  (Table  13-33(c,d):  p>0.19  for  both  analyses). 

The  adjusted  analysis  contained  the  race-by-lifetime  alcohol  history  interaction. 

Displayed  in  Table  13-33(e),  the  unadjusted  Model  3  analysis  of  creatine  kinase  did  not 
show  a  significant  difference  between  any  of  the  Ranch  Hand  categories  and  the  Comparison 
group  (Table  13-33(e):  p>0.75).  Categorized  dioxin-by-race  and  categorized  dioxin-by¬ 
lifetime  alcohol  history  were  significant  interactions  in  the  adjusted  Model  3  analysis  (Table 
13-33(f):  p=0.013  and  p=0.020  respectively).  Appendk  Table  1-2-22  presents  adjusted 
results  stratified  separately  by  race  and  lifetime  alcohol  history.  The  final  model  also 
contained  age  and  two  covariate-by-covariate  interactions:  occupation-by-lifetime  alcohol 
history  and  race-by-lifetime  alcohol  history.  The  adjusted  analysis  did  not  show  any  of  the 
Ranch  Hand  categories  to  be  significantly  different  from  the  Comparison  group  when  the  two 
categorized  dioxin-by-covariate  interactions  were  removed  from  the  final  model  (Table 
13-33(f):  p>0.65  for  all  contrasts). 

Each  of  the  unadjusted  analyses  for  Models  4  through  6  detected  a  significant  positive 
association  between  creatine  kinase  and  current  dioxin  (Table  13-33(g):  p=0.017,  Est. 
Slope=0.0278;  p=0.011,  Est.  Slope=0.0253;  andp=0.027,  Est.  Slope=0.0237  for  Models 
4,  5,  and  6  respectively).  Similar  to  the  unadjusted  analyses,  the  adjusted  analyses  for 
Models  4  through  6  revealed  a  significant  positive  association  between  creatine  kinase  and 
current  dioxin  (Table  13-33(h):  p=0.003,  Adj.  Slope=0.0392;  p=0.002,  Adj. 
Slope=0.0350;  and  p=0.006,  Adj.  Slope=0.0324  for  Models  4,  5,  and  6  respectively). 

Each  of  the  adjusted  analyses  contained  age,  degreasing  chemical  exposure  and  two 
covariate-by-covariate  interactions,  race-by-occupation  and  race-by-lifetime  alcohol  history. 

Creatine  Kinase  (Discrete) 

The  unadjusted  Model  1  analysis  did  not  reveal  a  significant  group  difference  in  the 
percentage  of  participants  with  high  creatine  kinase  levels  (Table  13-34(a):  p>0.38  for  all 
contrasts).  The  adjusted  analysis  contained  a  significant  group-by-race  interaction  (Table 
13-34(b):  p=0.005).  Appendix  Table  1-2-23  presents  the  adjusted  results  stratified  by  race. 
The  race-by-current  alcohol  use  and  current  alcohol  use-by-degreasing  chemical  exposure 
interactions  were  significant  in  the  final  model.  The  adjusted  analysis  did  not  reveal  a 
significant  group  difference  when  the  group-by-race  interaction  was  removed  from  the  Model 
1  analysis  (Table  13-34(b):  p>0.30  for  all  analyses). 

The  unadjusted  and  adjusted  Model  2  analyses  did  not  show  a  significant  association 
between  creatine  kinase  and  initial  dioxin  (Table  13-34(c):  p>0.51  for  both  analyses).  The 
adjusted  analysis  contained  three  covariate-by-covariate  interactions:  occupation-by-current 
alcohol  use,  age-by-lifetime  alcohol  history,  and  race-by-lifetime  alcohol  history. 

The  unadjusted  Model  3  results  did  not  show  any  of  the  Ranch  Hand  categories  to  be 
significantly  different  from  the  Comparison  group  (Table  13-34(e):  p>0.81  for  all  contrasts). 
Categorized  dioxin-by-race  and  categorized  dioxin-by-lifetime  alcohol  history  were  significant 
interactions  in  the  adjusted  Model  3  analysis  (Table  13-34(f):  p=0.006  and  p=0.()()4 
respectively).  Appendix  Table  1-2-23  displays  adjusted  results  stratified  separately  by  race 
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Table  13-34. 

Analysis  of  Creatine  Kinase 
(Discrete) 


a)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS  -  UNADJUSTED 


Occupational  Cat^ory 

Group 

n 

Percent 

High 

Est.  Relative  Risk 
(95%  C.I.) 

piValue 

All 

Ranch  Hand 

939 

14.1 

1.02  (0.80,1.30) 

0.916 

Comparison 

1,253 

13.8 

Officer 

Ranch  Hand 

361 

13.9 

1.21  (0.81,1.82) 

0.410 

Comparison 

495 

11.7 

Enlisted  Flyer 

Ranch  Hand 

162 

11.1 

0.72(0.38,1.35) 

0.384 

Comparison 

196 

14.8 

Enlisted  Groundcrew 

Ranch  Hand 

416 

15.4 

1.01  (0.71,1.43) 

0.999 

Comparison 

562 

15.3 

b)  MODEL  ! 

•  RANCH  HANDS  VS.  COMPARISONS  -  ADJUSTED 

Occupational  Category 

Adj.  Relative  Risk 
(95%  C.I.) 

p-Value 

-  Covariate  Remarks^ 

AU 

1.02  (0.79,1.32)** 

0.871** 

GROUP*RACE  (p=0.005) 

Officer 

1.24  (0.82,1.89)** 

0.308** 

RACE*ALC  (p <0.001) 
ALC*DC  (p=0.002) 

Enlisted  Flyer 

0.74  (0.38,1.45)** 

0.384** 

Enlisted  Groundcrew 

0.97  (0.67,1.41)** 

0.878** 

^  Covariates  and  associated  p-values  correspond  to  final  model  based  on  all  participants  with  available  data. 


**  Group-by-covariate  interaction  (p<0.05);  adjusted  relative  risk,  confidence  interval,  and  p-value  derived 
from  a  model  fitted  after  deletion  of  this  interaction;  refer  to  Appendix  Table  1-2-23  for  further  analysis  of 
this  interaction. 
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Table  13-34.  (Continued) 
Analysis  of  Creatine  Kinase 
(Discrete) 


c)  MODEL  2:  RANCH  HANDS  —  INITIAL  DIOXIN  —  13NADJUSTED 


Initial  Dioxin  Category  Summary  Statistics 

Percent 

Initial  Dioxin  n  High 


Analysis  Results  for  Log2  (Initial  Dioxin)^ 

E^imated  Relative  Risk 

(95%  C.!.)**  p-Value 


Low 

173 

13.3 

1.01  (0.84,1.21) 

0.914 

Medium 

170 

12.4 

High 

172 

18.0 

d)  MODEL  2r  RANCH  HANDS -- INITIAL  DIOXIN  — 

ADJUSTED 

n 

Analysis  Results  for  Logj  (Initial  Dioxin)*^ 
Adj.  Relative  Risk  (95%  C.I.)** ;  vp-Value 

Coyariate  Remarics 

502 

1.08  (0.85,1.37)  0.519 

OCC*ALC  (p =0.019) 

AGE*DRKYR  (p  <0.001) 
RACE*DRKYR  (p  <0.001) 

^  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 

Relative  risk  for  a  twofold  increase  in  initial  dioxin. 

Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  "Covariate  Remarks"  column. 

Note:  Low  =  39-98  ppt;  Medium  =  >98-232  ppt;  High  =  >232  ppt. 
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Table  13-34.  (Continued) 
Analysis  of  Creatine  Kinase 
(Discrete) 


e)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  -  UNADJUSTED 


Dioxin  Cat^oiy 

n 

Percent 

High 

Est.  Rdative  Risk 
(95%C.I.)®^ 

p-Vaiue 

Comparison 

1,043 

13.6 

Background  RH 

369 

12.5 

1.04(0.72,1.49) 

0.845 

LowRH 

257 

13.6 

0.95  (0.64,1.43) 

0.818 

HighRH 

258 

15.5 

1.04(0.70,1.53) 

0.851 

Low  plus  High  RH 

515 

14.6 

1.00(0.73,1.36) 

0.982 

D  MODEL  3: 

RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  -  ADJUSTED 

Adj.  Relative  Risk 

Dioxin  Category 

n 

(95%  C.I.)“= 

p-Value 

Covaitate  Remarks 

Comparison 

1,025 

DXCAT*RACE  (p =0.006) 
DXCAT*DRKYR  (p=0.004) 

Backgroim(i  RH 

362 

1.04  (0.70,1.54)** 

0.835** 

OCC*DRKYR  (p =0.003) 
RACE*ALC  (p =0.002) 

Lx)w  RH 

251 

0.84  (0.54,1.30)** 

0.425** 

IC*ALC  (p =0.037) 

HighRH 

251 

1.19(0.78,1.83)** 

0.417** 

DC*ALC  (p=0.002) 

Low  plus  High  RH 

502 

1.00  (0.72,1.39)** 

0.997** 

®  Relative  risk  and  confidence  interval  relative  to  Comparisons. 

^  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 

Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  "Covariate  Remarks"  column. 

**  Categorized  dioxin-by-covariate  interactions  (p<0.05);  adjusted  relative  risk,  confidence  interval,  and 
p-value  derived  from  a  model  fitted  after  deletion  of  these  interactions;  refer  to  Appendix  Table  1-2-23  for 
further  analysis  of  these  interactions. 

Note;  RH  =  Ranch  Hand. 

Comparison:  Current  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  Current  Dioxin  <  10  ppt. 

Lx)w  (Ranch  Hand):  Current  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  143  ppt. 

High  (Ranch  Hand);  Current  Dioxin  >  10  ppt.  Initial  Dioxin  >  143  ppt. 
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Table  13-34.  (Continued) 
Analysis  of  Creatine  Kinase 
(Discrete) 


g)-MODELS  4,  5,  AND  6:  RANCH  HANDS  —  CURRENT  DIOXIN  —  UNADJUSTED 


Current  Dioxin  Cat^ory 
Percent  High/(n) 

Analysis  Results  for  Log2 
(Curr^  Dioxin  +1) 

Low 

Medium 

High 

£st.  Relative  Risk 
<95%  C.!.)"  : 

P“Value 

4 

12.4 

(290) 

13.4 

(298) 

15.2 

(296) 

1.08  (0.95,1.23) 

0.254 

5 

11.9 

(294) 

14.5 

(297) 

14.7 

(293) 

1.06(0.95,1.19) 

0.305 

6'= 

11.9 

(293) 

14.5 

(297) 

14.7 

(293) 

1.07  (0.95,1.21) 

0.248 

h)  MODELS  4,  5,  AND  6:  RANCH  HANDS  —  CURRENT  DIOXIN  —  ADJUSTED 


ModeP 

n 

Analysis  Results  for  Log2  (Current  Dioxin  +  1) 

Adj.  Relative  Risk 

(95%  C.I.)'’  p-Value  Covariate  Remarics 

4 

864 

1.16  (0.99,1.37) 

0.070 

OCC*ALC  (p =0.022) 
RACE*DRKYR  (p  =0.003) 
AGE*DRKYR  (p =0.001) 

5 

864 

1.13  (0.98,1.30) 

0.097 

OCC*ALC  (p =0.023) 
RACE*DRKYR  (p =0.004) 
AGE*DRKYR  (p=0.001) 

6** 

863 

1.14  (0.98,1.33) 

0.090 

OCC*ALC  (p =0.022) 
RACE*DRKYR  (p =0.003) 
AGE+DRKYR  (p  =0.002) 

®  Model  4:  Logj  (lipid-adjusted  current  dioxin  -t-  1). 

Model  5:  Log2  (whole-weight  current  dioxin  -1-  1). 

Model  6:  Log2  (whole-weight  current  dioxin  +  1),  adjusted  for  log2  total  lipids. 


Relative  risk  for  a  twofold  increase  in  current  dioxin. 

*  Adjusted  for  log2  total  lipids. 

**  Adjusted  for  log2  total  lipids  in  addition  to  covariates  specified  under  "Covariate  Remarks"  column. 

Note;  Model  4:  Low  =  <  8.1  ppt;  Medium  =  >8.1-20.5  ppt;  High  =  >20.5  ppt. 

Models  5  and  6:  Low  =  <  46  ppq;  Medium  =  >46-128  ppq;  High  =  >  128  ppq. 


13-175 


and  lifetime  alcohol  history.  The  adjusted  analysis  also  contained  four  covariate-by-covariate 
interactions:  occupation-by-lifetime  alcohol  history,  race-by-current  alcohol  use,  industrial 
chemical  exposure-by-current  alcohol  use,  and  degreasing  chemical  exposure-by-current 
alcohol  use.  The  adjusted  Model  3  analysis  did  not  show  a  significant  difference  between 
any  of  the  Ranch  Hand  categories  and  the  Comparison  group  after  the  categorized  dioxin-by¬ 
covariate  interactions  were  removed  from  the  final  model  (Table  13-34(f):  p>0.41  for  all 
contrasts). 

The  unadjusted  analyses  for  Models  4  through  6  did  not  reveal  a  significant  association 
between  creatine  kinase  and  current  dioxin  (Table  13-34:  p>0.24  for  all  analyses).  In 
contrast  to  the  unadjusted  analyses,  the  adjusted  analyses  for  Models  4  through  6  detected 
marginally  significant  positive  associations  between  creatine  kinase  and  current  dioxin  (Table 
13-34(h);  p=0.070,  Adj.  RR=1.16,  95%  C.I.  =  [0.99,  1.37];  p=0.097,  Adj.  RR=1.13, 

95%  C.I.  =  [0.98,  1.30];  and  p=0.090,  Adj.  RR=1.14,  95%  C.I.  =  [0.98,  1.33]  for  Models 
4,  5,  and  6  respectively).  Each  of  the  final  models  contained  three  covariate-by-covariate 
interactions:  occupation-by-current  alcohol  use,  race-by-lifetime  alcohol  history,  and  age-by¬ 
lifetime  alcohol  history. 

Removing  occupation  from  the  analyses  of  Models  4  through  6  changed  the  adjusted 
results.  Without  occupation,  the  adjusted  analyses  did  not  show  a  significant  association 
between  creatine  kinase  and  current  dioxin  (Appendix  Table  I-3-24(c):  p>0.28  for  all 
analyses). 

Serum  Amylase  (Continuous) 

The  unadjusted  Model  1  analysis  did  not  show  a  significant  group  difference  in  the 
mean  levels  of  serum  amylase  (Table  13-35(a):  p>0.10  for  all  contrasts).  After  adjusting 
for  age  and  three  covariate-by-covariate  interactions  (race-by-degreasing  chemical  exposure, 
current  alcohol  use-by-occupation,  and  current  alcohol  use-by-industrial  chemical  exposure), 
the  adjusted  analysis  did  not  detect  a  significant  overall  group  difference  (Table  13-35(b): 
p=0.895).  However,  stratifying  the  adjusted  analysis  by  occupation  revealed  a  marginally 
significant  group  difference  within  the  officer  stratum  (Table  13-35(b):  p=0.058).  For  the 
officers,  the  adjusted  mean  level  of  serum  amylase  was  lower  for  Ranch  Hands  than 
Comparisons  (81.74  U/L  vs.  85.58  U/L). 

The  results  from  the  unadjusted  Model  2  analysis  revealed  a  significant  inverse 
association  between  serum  amylase  and  initial  dioxin  (Table  13-35(c):  p =0.014,  Est. 

Slope =-0.0290).  After  covariate  adjustment,  the  Model  2  analysis  also  detected  a  significant 
inverse  association  between  serum  amylase  and  initial  dioxin  (Table  13-35(d):  p=0.027,  Adj. 
Slope =-0.0273).  The  final  model  contained  current  alcohol  use  and  two  covariate-by- 
covariate  interactions:  age-by-degreasing  chemical  exposure  and  race-by-lifetime  alcohol 
history. 

The  unadjusted  Model  3  analysis  revealed  a  marginally  significant  difference  between 
the  low  Ranch  Hands  and  the  Comparison  group  (Table  13-35(e):  p=0.092).  The  mean 
levels  of  serum  amylase,  adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  the 
change  in  percent  of  body  fat  from  the  time  of  duty  in  SEA  to  the  date  of  the  blood  draw  for 
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Table  13-35. 

Analysis  of  Serum  Amylase  (U/L) 
(Continuous) 


a)  MODEL  !;  RANCH  HANDS  VS. 

COMPARISONS  -  UNADJUSTED 

Occupational 

DiH'erence  of  Means 

Cat^ory 

Group 

■  n  ::f 

Mean® 

{95%  C.I.)^ 

p-Value^ 

All 

Ranch  Hand 

939 

73.27 

-0.30  - 

0.791 

Comparison 

1,253 

73.57 

Officer 

Ranch  Hand 

361 

72.08 

-2.93  ~ 

0.109 

Comparison 

495 

75.01 

Enlisted  Flyer 

Ranch  Hand 

162 

73.89 

2.22  - 

0.394 

Comparison 

196 

71.67 

Enlisted  Groundcrew 

Ranch  Hand 

416 

74.07 

1.08- 

0.528 

Comparison 

562 

72.99 

b)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS  —  ADJUSTED 


(Occupational 

Gat^ory 

Group 

n 

Adj. 

Mean® 

Difference  of  Adj. 
Means  (95%  C.I.)'’ 

p-Value*^ 

Covariate  R^arks^ 

All 

Ranch  Hand 

929 

82.89 

-0.17  - 

0.895 

AGE  (p  <0.001) 

Comparison 

1,235 

83.05 

RACE*DC  (p =0.033) 

Officer 

Ranch  Hand 

361 

81.74 

-3.84  - 

0.058 

ALC*OCC  (p =0.031) 

Comparison 

488 

85.58 

ALC*IC  (p =0.043) 

Enlisted  Flyer 

Ranch  Hand 

159 

82.86 

2.05  - 

0.503 

Comparison 

196 

80.81 

Enlisted 

Ranch  Hand 

409 

84.79 

2.25  - 

0.238 

Groundcrew 

Comparison 

551 

82.54 

®  Transformed  from  natural  logarithm  scale. 

**  Difference  of  means  after  transformation  to  original  scale;  confidence  interval  on  difference  of  means  not 
presented  because  analysis  was  performed  on  natural  logarithm  scale. 

®  P- values  based  on  difference  of  means  on  natural  logarithm  scale. 

**  Covariates  and  associated  p-values  correspond  to  final  model  based  on  all  participants  with  available  data. 
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Table  13-35.  (Continued) 
Analysis  of  Serum  Amylase  (U/L) 
(Continuous) 


c)  MODEL  2;  RANCH  HANDS  -  INITIAL  DIOXIN  -  UNADJUSTED 


Initial  Dioxin  Category  Sununary  Statistics 

Analysis  Results  for  1x^2  Hnitial  Dioxin)'* 

Initial  Dioxin 

n 

Mean® 

Adj. 

Mean®*" 

R^ 

Slope 

{Std.  Error)' 

p-Valne 

Low 

173 

77.45 

76.76 

0.058 

-0.0290  (0.0118) 

0.014 

Medium 

170 

71.43 

71.20 

High 

172 

70.12 

70.99 

d)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  ^  ATHUSITID 


Initial  Dioxin  Category  Summary 

Analysis  Results  for 

Statistics 

Adj. 

Adj.  Slope 

Initial  Dibx 

■  Mean®^  . 

(Std.  Error)'  p-Value 

Low 

170 

84.74 

0.132  -0.0273  (0.0123)  0.027  ALC  (p =0.024) 

78.98 

AGE*DC  (p=0.036) 

Medium 

165 

RACE*DRKYR  (p=0.011) 

High 

167 

79.36 

^  Transformed  from  natural  logarithm  scale. 


Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 


'  Slope  and  standard  error  based  on  natural  logarithm  of  serum  amylase  versus  log2  (initial  dioxin). 

Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  "Covariate  Remarks"  column. 

Note:  Low  =  39-98  ppt;  Medium  =  >98-232  ppt;  High  =  >232  ppt. 
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Table  13-35.  (Continued) 
Analysis  of  Serum  Amylase  (U/L) 
(Continuous) 


e)  MOD^  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  —  UNADJUSTED 

Binerence  of  Adj. 


Dioxin  Category 

n 

Mean® 

Adj, 

Mean* 

Mean  vs.  Cconpaiisons 
(9S%C.I,)® 

p-VaIue‘ 

Comparison 

1,043 

73.57 

73.63 

Background  RH 

369 

73.36 

71.73 

-1.90- 

0.223 

LowRH 

257 

76.11 

76.74 

3.11  - 

0.092 

HighRH 

258 

69.93 

71.39 

-2.24  - 

0.208 

Low  plus  High  RH 

515 

72.95 

74.02 

0.39  - 

0.783 

f)  MODEL  3:  RANCH  HAM)S  AND  COMPARISONS  BY  DlOXm  CATEGORY  —  ADJUSTED 

■  .DiDieraice  of  .Ady. 


Dioxin  Category 

n 

Adj.  Mean  vs.  Comparisons 

Mean“  (95%  C.I.)®  p-Value** 

Covariate  Remarks 

Comparison 

1,027 

81.69 

RACE  (p <0.001) 

ALC  (p =0.004) 

Background  RH 

367 

79.25 

-2.44  - 

0. 

.162 

AGE*DC  (p=0.047) 
OCC*IC  (p=0.037) 

LowRH 

254 

84.37 

2.69  - 

0, 

,184 

HighRH 

254 

80.36 

-1.33  - 

0. 

,514 

Low  plus  High  RH 

508 

82.34 

0.65  - 

0, 

,676 

^  Transformed  from  natural  logarithm  scale. 

**  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 

'  Difference  of  adjusted  means  after  transformation  to  original  scale;  confidence  interval  on  difference  of 
adjusted  means  not  presented  because  analysis  was  performed  on  natural  logarithm  scale. 

**  P-value  is  based  on  difference  of  means  on  natural  logarithm  scale. 

®  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  "Covariate  Remarks"  column. 

Note:  RH  =  Ranch  Hand. 

Comparison:  Current  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  Current  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  Current  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  143  ppt. 

High  (Ranch  Hand):  Current  Dioxin  >  10  ppt.  Initial  Dioxin  >  143  ppt. 
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Table  13-35.  (Continued) 
Analysis  of  Serum  Amylase  (U/L) 
(Continuous) 


g)  MODELS  4>  5,  AND  6:  RANCH  HAMDS  —  CURRENT  DIOXIN  —  UNADJUSTED 


Current  Dioxin  Cat^ory 
Mean^/(n) 

Analysis  Results  for  Log2 
(Curroit  Dioxin  +  1) 

Model" 

Low 

Medium 

EBgh 

R^ 

Slope 

(Std.  EiTor)‘= 

p-Value 

4 

74.05 

^  74.46 

70.91 

0.005 

-0.0171 

0.037 

(290) 

(298) 

(296) 

(0.0082) 

5 

73.77 

75.23 

70.41 

0.006 

-0.0164 

0.019 

(294) 

(297) 

(293) 

(0.0070) 

6=^ 

72.85 

75.14 

71.31 

0.011 

-0.0104 

0.170 

(293) 

(297) 

(293) 

(0.0075) 

h)  MODELS  4,  5,  AND  6:  RANCH  HANDS  CURRENT  DIOXIN  —  ADJUSTED 


Model" 

Current  Dioxin  Cat^ory 
Adjusted  Mean^/(n) 

Low  Medium  High 

R" 

Analysis  Results  for  Log2 
/"'(diiiieht 'Dioxin  ■+  l)'/;c 

A4|.  Slope 

(Std.  EiTor)'^  p-Value  Covariate  Remarlts 

4 

84.74 

(290) 

83.30 

(298) 

78.75 

(296) 

0.045 

-0.0238 

(0.0092) 

0.010 

AGE  (p =0.013) 

RACE  (p  <0.001) 

OCC  (p =0.060) 

5 

84.22 

(294) 

83.84 

(297) 

78.16 

(293) 

0.046 

-0.0220 

(0.0078) 

0.005 

AGE  (p =0.012) 

RACE  (p<  0.001) 

OCC  (p =0.051) 

6® 

82.91 

(293) 

83.46 

(297) 

78.95 

(293) 

0.049 

-0.0160 

(0.0084) 

0.058 

AGE  (p =0.008) 

RACE  (p  <0.001) 

OCC  (p =0.072) 

^  Transformed  from  natural  logarithm  scale. 

**  Model  4:  Log2  (lipid-adjusted  current  dioxin  -I-  1). 

Model  5;  Log2  (whole-weight  current  dioxin  +  1). 

Model  6:  Log2  (whole-weight  current  dioxin  +1),  adjusted  for  log2  total  lipids. 

®  Slope  and  standard  error  based  on  natural  logarithm  of  serum  amylase  versus  log2  (current  dioxin  -t-  1). 
^  Adjusted  for  log2  total  lipids. 

®  Adjusted  for  log2  total  lipids  in  addition  to  covariates  specified  under  "Covariate  Remarks"  column. 

Note:  Model  4:  Low  =  <  8.1  ppt;  Medium  =  >8.1-20.5  ppt;  High  =  >20.5  ppt. 

Models  5  and  6:  Low  =  <  46  ppq;  Medium  =  >46-128  ppq;  High  =  >128  ppq. 
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dioxin,  for  the  low  Ranch  Hand  category  and  the  Comparison  group  were  76.74  mg/dl  and 
73.63  mg/dl  respectively.  By  contrast,  the  adjusted  Model  3  analysis  did  not  show  any  of 
the  Ranch  Hand  categories  to  be  significantly  different  from  the  Comparison  group  (Table 
13-35(f):  p>0.16  for  all  contrasts).  The  final  model  contained  race,  current  alcohol  use, 
and  two  coyariate-by-covariate  interactions:  age-by-degreasing  chemical  exposure  and 
occupation-by-industrial  chemical  exposure. 

For  Models  4  and  5,  the  unadjusted  analyses  revealed  a  significant  inverse  association 
between  serum  amylase  and  current  dioxin  (Table  13-35(g):  p =0.037,  Est.  Slope =-0.0171 
and  p=0.019,  Est.  Slope=-0.0164  respectively).  The  unadjusted  Model  6  analysis  did  not 
show  a  significant  association  (Table  13-35(g):  p=0.170). 

The  adjusted  results  paralleled  the  unadjusted  results  for  Models  4  and  5.  After 
covariate  adjustment,  the  Model  4  and  5  analyses  revealed  a  significant  inverse  association 
between  serum  amylase  and  current  dioxin  (Table  13-35(h):  p=0.010,  Adj.  Slope=-0.0238 
and  p=0.005,  Adj.  Slope=-0.0220  respectively).  In  contrast  to  the  unadjusted  results,  the 
adjusted  Model  6  analysis  detected  a  marginally  significant  inverse  association  between  serum 
amylase  and  current  dioxin  (Table  13-35(h):  p=0.058,  Adj.  Slope=-0.0160).  Each  of  the 
adjusted  analyses  contained  age,  race,  and  occupation. 

Deleting  occupation  from  the  analyses  of  Models  4  through  6  produced  a  change  in  the 
adjusted  results.  For  Models  4  and  5,  the  adjusted  analysis  detected  only  a  marginally 
significant  inverse  association  between  serum  amylase  and  current  dioxin  (Appendix  Table 
I-3-25(b):  p=0.096,  Adj.  Slope=-0.0137  and  p=0.053,  Adj.  Slope=-0.0136  respectively). 
The  adjusted  Model  6  analysis  without  occupation  did  not  show  a  significant  association 
between  serum  amylase  and  current  dioxin  (Appendk  Table  I-3-25(b):  p=0.321). 

Serum  Amylase  (Discrete) 

The  unadjusted  and  adjusted  Model  1  analyses  did  not  reveal  a  significant  group 
difference  in  the  percentage  of  participants  having  high  serum  amylase  levels  (Table 
13-36(a,b):  p>0.20  for  all  contrasts).  The  adjusted  model  contained  age,  race,  and 
occupation. 

The  results  from  the  unadjusted  Model  2  analysis  did  not  detect  a  significant  association 
between  serum  amylase  and  initial  dioxin  (Table  13-36(c):  p=0.189).  Initial  dioxin-by-age 
was  a  significant  interaction  in  the  adjusted  Model  2  analysis  (Table  13-36(c):  p= 0.007). 
Appendix  Table  1-2-24  displays  adjusted  results  stratified  by  age.  The  final  model  also 
contained  race,  degreasing  chemical  exposure,  current  alcohol  use,  and  an  interaction 
between  occupation  and  age.  After  the  initial  dioxin-by-age  interaction  was  removed  from 
the  final  model,  the  adjusted  analysis  did  not  find  a  significant  association  between  serum 
amylase  and  initial  dioxin  (p =0.558). 

The  unadjusted  Model  3  analysis  did  not  show  any  of  the  Ranch  Hand  categories  to  be 
significantly  different  from  the  Comparison  group  (Table  13-36(d):  p>0.13  for  all 
contrasts).  The  interaction  between  categorized  dioxin  and  race  was  significant  in  the 
adjusted  analysis  of  Model  3  (Table  13-36(f):  p =0.029).  Appendix  Table  1-2-24  displays 
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Table  13-36. 

Analysis  of  Serum  Amylase 
(Discrete) 


a)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS  -  UNADJUSTED 


Occupational  Category 

Group 

n 

Percoit 

High 

Est.  Relative  Risk  . 
(95%C.L) 

p-Value 

All 

Ranch  Hand 

939 

6.4 

0.90  (0.64,1.27) 

0.618 

Comparison 

1,253 

7.0 

Officer 

Ranch  Hand 

361 

6.9 

0.74  (0.45,1.24) 

0.310 

Comparison 

495 

9.1 

Enlisted  Flyer 

Ranch  Hand 

162 

3.1 

1.01  (0.30,3.37) 

0.999 

Comparison 

196 

3.1 

Enlisted  Grovmdcrew 

Ranch  Hand 

416 

7.2 

1.10  (0.67,1.82) 

0.798 

Comparison 

562 

6.6 

b)  MODEL  1;  RANCH  HANDS  VS.  COMPARISONS  -  ADJUSTED 


Adj.  Relative  Risk 

Occupational  Category 

(95%  C.I.) 

p-Value 

Covariate  Remarks^ 

All 

0.90  (0.64,1.27) 

0.555 

AGE  (p =0.003) 

Officer 

0.72  (0.43,1.20) 

0.203 

RACE  (p <0.001) 

OCC  (p<0.001) 

Enlisted  Flyer 

1.05  (0.31,3.57) 

0.934 

Enlisted  Groundcrew 

1.11  (0.67,1.85) 

0.687 

^  Covariates  and  associated  p-values  correspond  to  final  mojiel  based  on  all  participants  with  available  data. 
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Table  13-36.  (Continued) 
Analysis  of  Serum  Amylase 
(Discrete) 


c)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  -  UNADJUSTED 


Initial  Dioxin  Category  Sunimai^  Statistics 

Analysis  Results  for  Logj  fibiitial  Dioxin)^ 

Initial  Dioxin 

n 

Pwcent 

High 

Estimated  Relative  Risk 
(95%  C.!.)** 

p-Value 

Low 

173 

8.1 

0.82(0.60,1.12) 

0.189 

Medium 

170 

4.1 

High 

172 

5.2 

d)  MODEL  2:  RANCH  HANDS -- INITIAL  DIOXIN -- 

-ADJUSTED 

Analysis  Results  for  Log2  (Initial  Dioxin)^ 

n 

Adj.  Relative  Risk  (95%  C.I.)'’  p-Value 

Covariate  Remaite 

508 

0.89  (0.61,1.31)**  0.558** 

INIT*AGE  (p =0.007) 
RACE  (p  <0.001) 

DC  (p =0.030) 

ALC  (p=0.070) 
(X:C*AGE  (p=0.003) 

®  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 

*’  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 

'  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  "Covariate  Remarks"  column. 

**  Log2  (initial  dioxin)-by-covariate  interaction  (p<0.05);  adjusted  relative  risk,  confidence  interval,  and 
p-value  derived  from  a  model  fitted  after  deletion  of  this  interaction;  refer  to  Appendix  Table  1-2-24  for 
further  analysis  of  this  interaction. 

Note;  Low  =  39-98  ppt;  Medium  =  >98-232  ppt;  High  =  >232  ppt. 
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Table  13-36.  (Continued) 
Analysis  of  Serum  Amylase 
(Discrete) 


e)MODiI.  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  -  UNADJUSTED 


Dioxin  Category 

n 

Rercent 

High 

Est.  Relative  Risk 

p-Value 

Comparison 

1,043 

7.9 

Background  RH 

369 

6.8 

0.77  (0.48,1.23) 

0.273 

Low  RH 

257 

7.0 

0.91  (0.53,1.54) 

0.719 

HighRH 

258 

4.7 

0.62(0.33,1.16) 

0.137 

Low  plus  High  RH 

515 

5.8 

0.77  (0.50,1.19) 

0.232 

0  MQPEL  3;  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  —  ADJUSTED 


Adj.  Relative  Risk 


Dhmn  Gregory 

n 

?fC:,(95%  C.I,)®" 

p-Value 

Covariate  Ronarks 

Comparison 

1,043 

DXCAT*RACE  (p =0.029) 

AGE  (p =0.003) 

Background  RH 

369 

0.71  (0.44,1.15)** 

0.160** 

OCC  (p <0.001) 

DC  (p =0.107) 

Low  RH 

257 

0.82  (0.47,1.42)** 

O 

00 

* 

* 

HighRH 

258 

0.74  (0.38,1.44)** 

0.379** 

Low  plus  High  RH 

515 

0.79  (0.50,1.24)** 

0.304** 

*  Relative  risk  and  confidence  interval  relative  to  Comparisons. 

^  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 

'  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  "Covariate  Remarks"  column. 

**  Categorized  dioxin-by-covariate  interaction  (0.01  <p^0.05);  adjusted  relative  risk,  confidence  interval,  and 
p-value  derived  from  a  model  fitted  after  deletion  of  this  interaction;  refer  to  Appendix  Table  1-2-24  for 
further  analysis  of  this  interaction. 

Note:  RH  =  Ranch  Hand. 

Comparison:  Current  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  Chirrent  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  Current  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  143  ppt. 

High  (Ranch  Hand):  Current  Dioxin  >  10  ppt.  Initial  Dioxin  >  143  ppt. 
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Table  13-36.  (Continued) 
Analysis  of  Serum  Amylase 
(Discrete) 


g)  MODELS  4,  5,  AND  6:  RANCH  HANDS  -  CURRENT  DIOXIN  -  UNADJUSTED 


Current  Dioxin  Category 
Percent  High/(n) 

Analysis  Residts  for  L^2 
(Curr^  IMoxin  +  1) 

Model^ 

Low 

Medium 

IBgh 

Est.  Relative  Risk 
<95%  C.I.)*’ 

p-Value 

4 

5.9 

(290) 

7.7 

(298) 

5.1 

(296) 

0.91  (0.75,1.11) 

0.343 

5 

6.5 

(294) 

8.1 

(297) 

4.1 

(293) 

0.92  (0.78,1.08) 

0.309 

6<= 

6.5 

(293) 

8.1 

(297) 

4.1 

(293) 

0.96  (0.81,1.14) 

0.628 

h)  MODELS  5,  iWSP  6;  RANCH  HANDS  —  CURRENT  DIOXIN  —  ADJUSTED 


ModeP 

n 

Analysis  Results  for  Log2  (Cuirent  Dioxin  4-  1) 

Adj.  Relative  Risk 

(95%  C-I.)**  p-Value  Covariate  Remarks 

4 

884 

0.90  (0.72,1.14) 

0.394 

AGE  (p=0.001) 

RACE  (p  <0.001) 

OCC  (p=0.041) 

DC  (p=0.015) 

5 

884 

0.91  (0.76,1.10) 

0.340 

AGE  (p=0.001) 

RACE  (p <0.001) 

OCC  (p=0.041) 

DC  (p=0.014) 

6“* 

883 

0.95  (0.78,1.17) 

0.660 

AGE  (p=0.001) 

RACE  (p<  0.001) 

OCC  (p=0.037) 

DC  (p=0.012) 

®  Model  4;  Log2  (lipid-adjusted  current  dioxin  1). 

Model  5:  Logj  (whole-weight  current  dioxin  +  1). 

Model  6:  Log2  (whole-weight  current  dioxin  +  1),  adjusted  for  log2  total  lipids. 

Relative  risk  for  a  twofold  increase  in  current  dioxin. 

Adjusted  for  log2  total  lipids. 

**  Adjusted  for  log2  total  lipids  in  addition  to  covariates  specified  under  "Covariate  Remarks"  column. 

Note;  Model  4:  Low  =  ^  8.1  ppt;  Medium  =  >8.1-20.5  ppt;  High  =  >20.5  ppt. 

Models  5  and  6:  Low  =  <  46  ppq;  Medium  =  >46-128  ppq;  High  =  >  128  ppq. 
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adjusted  results  stratified  by  race.  Age,  occupation,  and  degreasing  chemical  exposure  also 
were  significant  co variates  in  the  Model  3  analysis.  When  the  categorized  dioxin-by-race 
interaction  was  removed  from  the  final  model,  the  adjusted  analysis  did  not  show  a 
significant  difference  between  any  of  the  Ranch  Hand  categories  and  the  Comparison  group 
(Table  13-36:  p>0.16  for  all  analyses). 

The  unadjusted  and  adjusted  analyses  of  Models  4  through  6  did  not  reveal  a  significant 
association  between  serum  amylase  and  current  dioxin  (Table  13-36(g,h):  p>0.30  for  all 
analyses).  Each  of  the  adjusted  analyses  contained  age,  race,  occupation,  and  degreasing 
chemical  exposure. 

Antibodies  for  Hepatitis  A 

Neither  the  unadjusted  nor  the  adjusted  Model  1  analyses  detected  a  significant  group 
difference  in  the  percentage  of  individuals  having  antibodies  for  hepatitis  A  (Table 
13-37(a,b):  p>0.28  for  all  contrasts).  Age,  race,  and  occupation  were  significant  covariates 
in  the  adjusted  analysis. 

The  unadjusted  and  adjusted  Model  2  results  did  not  reveal  a  significant  association 
between  antibodies  for  hepatitis  A  and  initial  dioxin  (Table  13-37(c,d):  p>0.86  for  both 
analyses).  The  adjusted  model  contained  age,  occupation,  and  three  covariate-by-covariate 
interactions:  race-by-degreasing  chemical  exposure,  race-by-lifetime  alcohol  history,  and 
industrial  chemical  exposure-by-lifetime  alcohol  history. 

Neither  the  imadjusted  nor  adjusted  Model  3  analyses  showed  any  of  the  Ranch  Hand 
categories  to  be  significantly  different  from  the  Comparison  group  (Table  13-37(e):  p>0.33 
for  all  contrasts).  The  adjusted  Model  3  analysis  contained  occupation  and  the  race-by-age 
interaction. 

Without  occupation,  the  adjusted  analysis  of  Model  3  detected  a  marginally  significant 
relative  risk  greater  than  one  for  the  Ranch  Hands  in  the  high  category  (Appendix  Table 
I-3-27(b):  p=0.052,  Adj.  RR=1.35,  95%  C.I.=[1.00,  1.82])  and  a  marginally  significant 
relative  risk  less  than  one  for  the  background  Ranch  Hands  (p=0.083,  Adj.  RR=0.79,  95% 
C.I.  =  [0.61,  1.03]). 

Neither  the  unadjusted  nor  the  adjusted  analyses  of  Models  4  through  6  revealed  a 
significant  association  between  antibodies  for  hepatitis  A  and  current  dioxin  (Table 
13-37(g,h):  p>0.15  for  all  analyses).  Each  of  the  final  models  contained  occupation  and 
two  covariate-by-covariate  interactions:  race-by-age  and  race-by-lifetime  alcohol  history. 

Excluding  occupation  from  Models  4  through  6  resulted  in  significant  associations 
between  antibodies  for  hepatitis  A  and  current  dioxin  (Appendix  Table  I-3-27(c):  p=0.002, 
Adj.  RR=1.18,  95%  C.I.  =  [1.06,  1.32];  p=0.002,  Adj.  RR=1.15,  95%  C.I.  =  [1.05,  1.26]; 
and  p=0.004,  Adj.  RR=1.16,  95%  C.I.  =  [1.05,  1.28]  for  Models  4,  5,  and  6  respectively). 
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Table  13-37. 

Analysis  of  Antibodies  for  Hepatitis  A 


a)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS  -  UNADJUSTED 


Percent  Est.  Relative  Risk 

Occupational  Category  Group  n  Yes  (95%  C.L)  p-Value 


All 

Ranch  Hand 

952 

33.5 

0.98  (0.82,1.17) 

0.849 

Comparison 

1,280 

34.0 

Officer 

Ranch  Hand 

367 

25.9 

1.04  (0.77,1.42) 

0.854 

Comparison 

502 

25.1 

Enlisted  Flyer 

Ranch  Hand 

162 

47.5 

1.13  (0.74,1.71) 

0.645 

Comparison 

202 

44.6 

Enlisted  Groundcrew 

Ranch  Hand 

423 

34.8 

0.87  (0.67,1.13) 

0.321 

Comparison 

576 

38.0 

b)  MODEL  1 

:  RANCH  HANDS  VS.  COMPARISONS  -  ADJUSTED 

Adj.  Relative  Risk 

Occupational  Category 

(95%  CX) 

p-Value 

Covariate  Remarks^ 

All 

0.95  (0.79,1.15) 

0.634 

AGE  (p  <0.001) 

Officer 

1.01  (0.73,1.40) 

0.937 

RACE  (p=0.021) 
OCC(p  <0.001) 

Enlisted  Flyer 

1.11  (0.72,1.72) 

0.634 

Enlisted  Groundcrew 

0.86(0.65,1.13) 

0.283 

®  Covariates  and  associated  p-values  correspond  to  final  model  based  on  all  participants  with  available  data. 
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Table  13-37.  (Continued) 
Analysis  of  Antibodies  for  Hepatitis  A 


c)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  -  UNADJUSTED 


Initial  Dioxin  Category  Summary  Statistics 

Percent 


Analysis  Results  for  Log2  (Initial  Dioxin)^ 
Estimated  Relative  Risk 


biitiai  Dioxin 

n 

Yes 

(95%  C.!.)** 

p-Vaiue 

Low 

174 

36.2 

0.99  (0.86,1.13) 

0.864 

Medium 

173 

35.3 

High 

173 

36.4 

d)  MODEL  2:  RANCH  HANDS  ^  I^^ 

IXIN-^AI^^ 

n 

v';|;  Analysis  ■iResidts'^fbr :  L<)gi;(I^^ 

.  :  .  ;R€lative  Risk'':(95%i^:G- L)*’ ! : : 

507 

1.00(0.84,1.18)  0.974 

AGE  (p <0.001) 

OCC  (p  <0.001) 
RACE*DC  (p =0.005) 
RACE*DRKYR  (p <0.001) 
IC*DRKYR  (p =0.009) 

®  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 

Relative  risk  for  a  twofold  increase  in  initial  dioxin. 

^  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  "Covariate  Remarks”  column. 

Note:  Low  =  39-98  ppt;  Medium  =  >98-232  ppt;  High  =  >232  ppt. 


13-188 


Table  13-37.  (Continued) 
Analysis  of  Antibodies  for  Hepatitis  A 


e)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  — 

UNADJUSTED 

Dio}dn  Category 

n 

Percent 

Yes 

Est.  Relative  Risk 
i9S%C.L)^ 

:  ;  p-Value 

Comparison 

1,063 

34.1 

Background  RH 

374 

30.5 

0.88(0.68,1.14) 

0.338 

Low  RH 

260 

35.8 

1.04  (0.78,1.38) 

0.810 

HighRH 

260 

36.2 

1.06(0.80,1.42) 

0.667 

Low  plus  High  RH 

520 

36.0 

1.05  (0.84,1.31) 

0.666 

1)  MODEL  3^^ 

RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  ^  ADJUSTED 

Dioxin  Category 

Adj.  Rdative  Risk 

p-Value 

Covailate  Remarks 

Comparison 

1,063 

OCC  (p<0.001) 

RACE* AGE  (p =0.037) 

Background  RH 

374 

1.03  (0.78,1.37) 

0.827 

Low  RH 

260 

0.91  (0.67,1.24) 

0.552 

HighRH 

260 

0.94  (0.69,1.29) 

0.720 

Low  plus  High  RH 

520 

0.93  (0.73,1.18) 

0.535 

®  Relative  risk  and  confidence  interval  relative  to  Comparisons. 

’’  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 

^  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  fi’om  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  "Covariate  Remarks"  column. 

Note:  RH  =  Ranch  Hand. 

Con^arison:  Current  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  Current  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  Current  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  143  ppt. 

High  (Ranch  Hand):  Current  Dioxin  >  10  ppt.  Initial  Dioxin  >  143  ppt. 
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Table  13-37.  (Continued) 
Analysis  of  Antibodies  for  Hepatitis  A 


g)  MODELS  4,  5,  AND  <>;  RANCH  HANDS  -  CURRENT  DIOXIN  -  UNADJUSTED 


. 

Current  Dioxin  Cid^oiy 
Percent  Yes/(n) 

Analysis  Results  for  Log2 
(Current  Dioxin  -h  1) 

Model® 

Low 

Medium 

High 

Est.  Rdative  Risk 
(95%  C.!.)” 

p-Vaiue 

4 

30.8 

(295) 

33.7 

(300) 

36.5 

(299) 

1.06  (0.97,1.17) 

0.209 

5 

27.7 

(300) 

36.4 

(297) 

37.0 

(297) 

1.06  (0.98,1.15) 

0.152 

6= 

27.4 

(299) 

36.4 

(297) 

37.0 

(297) 

1.05  (0.96,1.15) 

0.292 

h)  MODELS  4,  5,  AND  6:  RANCH  HANDS  -  CURRENT  DIOXIN  —  ADJUSTED 


Analysis  Results  for  Logj  (Current  Dioxin  +1) 

Model® 

n 

Adj.  Relative  Risk 
(95%  CJ.)*’ 

p-Value 

Covariate  Remarks 

4 

874 

1.01  (0.90,1.14) 

0.818 

OCC(p  <0.001) 

RACE*AGE  (p=0.014) 
RACE*DRKYR  (p =0.022) 

5 

874 

1.01  (0.92,1.12) 

0.782 

OCC  (p  <0.001) 

RACE* AGE  (p =0.014) 
RACE*DRKYR  (p  =0.022) 

6“ 

873 

1.01  (0.90,1.12) 

0.897 

OCC  (p  <0.001) 

RACE*AGE  (p=0.016) 
RACE*DRKYR  (p =0.026) 

®  Model  4:  Log2  (lipid-adjusted  current  dioxin  -1-1). 

Model  5;  Log2  (whole-weight  current  dioxin  -hi). 

Model  6:  Log2  (whole-weight  current  dioxin  -h  1),  adjusted  for  log2  total  lipids. 

**  Relative  risk  for  a  twofold  increase  in  current  dioxin. 

Adjusted  for  log2  total  lipids. 

**  Adjusted  for  logj  total  lipids  in  addition  to  covariates  specified  under  "Covariate  Remarks”  column. 

Note:  Model  4:  Low  =  <  8.1  ppt;  Medium  =  >8.1-20.5  ppt;  High  =  >20.5  ppt. 

Models  5  and  6:  Low  =  <  46  ppq;  Medium  =  >46-128  ppq;  High  =  >  128  ppq. 
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Serological  Evidence  of  Present  or  Prior  Hepatitis  B  Infection 

The  unadjusted  Model  1  analysis  revealed  a  significant  overall  group  difference  in  the 
percentage  of  individuals  with  serological  evidence  of  present  or  prior  hepatitis  B  infection 
(Table  13-38(a):  p=0.001,  Est.  RR=0.66,  95%  C.I.=[0.51,  0.85]).  The  percentage  of 
Ranch  Hands  with  serological  evidence  of  present  or  prior  hepatitis  B  infection  was  lower 
than  the  percentage  for  the  Comparisons  (10.7%  vs.  15.5%).  Stratifying  the  unadjusted 
analysis  by  occupation  revealed  a  significant  group  difference  within  the  officer  stratum  and 
marginally  significant  group  differences  for  the  enlisted  flyer  and  enlisted  groundcrew 
stratums  (Table  13-38(a):  p=0.030,  Est.  RR=0.53,  95%  C.I.=[0.30,  0.92];  p=0.077,  Est. 
RR=0.58,  95%  C.I.=[0.33,  1.02];  and  p=0.086,  Est.  RR=0.73,  95%  C.I.=[0.52,  1.03] 
respectively).  In  each  occupation  stratum,  the  percentage  of  participants  with  serological 
evidence  of  present  or  prior  hepatitis  B  infection  was  lower  for  the  Ranch  Hands  than  for  the 
Comparisons  (5.2%  vs.  9.4%,  13.6%  vs.  21.3%,  and  14.4%  vs.  18.8%  for  the  officers, 
enlisted  flyers,  and  enlisted  groundcrew  respectively). 

After  adjusting  for  the  covariates  age,  race,  occupation,  and  lifetime  alcohol  history,  the 
adjusted  analysis  produced  results  that  closely  paralleled  the  unadjusted  findings.  The 
adjusted  analysis  revealed  a  significant  overall  group  difference  (Table  13-38(b):  p  <0.001, 
Adj.  RR=0.65,  95%  C.I.  =[0.50,  0.84]).  When  the  adjusted  results  were  stratified  by 
occupation,  the  Model  1  analysis  detected  a  significant  group  difference  for  the  officers  and 
marginally  significant  group  differences  for  the  enlisted  flyers  and  enlisted  groundcrew 
(p=0.030,  Adj.  RR=0.54,  95%  C.I.  =[0.31,  0.94];  p=0.082,  Adj.  RR=0.60,  95% 

C.I.  =  [0.34,  1.07];  andp=0.060,  Adj.  RR=0.71,  95%  C.I.  =[0.50,  1.01]  respectively). 

The  unadjusted  Model  2  analysis  revealed  a  marginally  significant  positive  association 
between  serological  evidence  of  present  or  prior  hepatitis  B  infection  and  initial  dioxin  (Table 
13-38(c):  p=0.054,  Est.  RR=1.21,  95%  C.I.  =[1.00,  1.48]).  After  covariate  adjustment, 
the  Model  2  analysis  did  not  show  a  significant  association  between  serological  evidence  of 
present  or  prior  hepatitis  B  infection  and  initial  dioxin  (Table  13-38(d):  p=0.308).  Age, 
occupation,  and  the  race-by-lifetime  alcohol  history  interaction  were  retained  in  the  adjusted 
analysis. 

Without  occupation,  the  adjusted  Model  2  analysis  generated  different  results.  The 
analysis  revealed  a  significant  positive  association  between  serological  evidence  of  present  or 
prior  hepatitis  B  infection  and  initial  dioxin  (Appendix  Table  I-3-28(a):  p=0.016,  &t. 
RR=1.31,  95%  C.I.  =  [1.05,  1.63]). 


The  unadjusted  Model  3  analysis  revealed  three  significant  contrasts:  background 
Ranch  Hands  versus  Comparisons,  low  Ranch  Hands  versus  Comparisons,  and  low  plus  high 
Ranch  Hands  versus  Comparisons  (Table  13-38(e):  p=0.013,  Est.  RR=0.61,  95% 

C.I.  =  [0.41,  0.90];  p=0.030,  Est.  RR=0.61,  95%  C.I.  =[0.40,  0.95];  and  p=0.033,  Est. 
RR=0.71,  95%  C.I.  =[0.51,  0.97]  respectively).  The  percentages  of  participants  with 
serological  evidence  of  present  or  prior  hepatitis  B  infection  for  the  Comparisons, 
background  Ranch  Hands,  low  Ranch  Hands,  and  low  plus  high  Ranch  Hands  were  15.1%, 
9.4%,  10.0%,  and  11.5%  respectively. 
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Table  13-38. 

Analysis  of  Serological  Evidence  of  Present  or  Prior  Hepatitis  B  Infection 


a)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS  -  DNADTUSTED 


Occupational  Category 

Group 

a 

Percait 

Yes 

Est.  Relative  Risk 
(95%C.L) 

p-Value 

All 

Ranch  Hand 

952 

10.7 

0.66  (0.51,0.85) 

0.001 

Comparison 

1,280 

15.5 

Officer 

Ranch  Hand 

367 

5.2 

0.53  (0.30,0.92) 

0.030 

Comparison 

502 

9.4 

Enlisted  Flyer 

Ranch  Hand 

162 

13.6 

0.58  (0.33,1.02) 

0.077 

Comparison 

202 

21.3 

Enlisted  Groundcrew 

Ranch  Hand 

423 

14.4 

0.73  (0.52,1.03) 

0.086 

Comparison 

576 

18.8 

b)  MODEL  1;  RANCH  HANDS  VS.  COMPARISONS  -  ADJUSTED 

Occupational  Cat^ory 

Adj.  Relative  Risk 
(95%  C.I.) 

p-Vaine 

Covariate  Remarks^ 

All 

0.65  (0.50,0.84) 

<0.001 

AGE  (p=0.003) 

Officer 

0.54  (0.31,0.94) 

0.030 

RACE  (p<0.001) 

OCC  (p <0.001) 

Enlisted  Flyer 

0.60  (0.34,1.07) 

0.082 

DRKYR  (p =0.011) 

Enlisted  Groundcrew 

0.71  (0.50,1.01) 

0.060 

®  Covariates  and  associated  p-values  correspond  to  final  model  based  on  all  participants  with  available  data. 
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Table  13-38.  (Continued) 

Analysis  of  Serological  Evidence  of  Present  or  Prior  Hepatitis  B  Infection 


c)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  -  UNADJUSTED 


Initial  Dioxin  Category  Summary  Statistics 
Initial  Dioxin  n 


Po’cent 

Yes 


Analysis  Residts  for  Logj  (Initial  Dioxin)^ 

p-Vaiue 


Estimated  Relative  Risk 
(95%  C.!.)** 


Low 

174 

8.0 

1.21  (1.00,1.48) 

0.054 

Medium 

173 

9.2 

High 

173 

17.3 

d)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  -  ADJUSTED 


Analysis  Results  for  Log^ 

C&iitialDibjidn)® 

n 

;  Relative  Ris 

Covariate  Remarks 

507  1.13  (0.89,1.43)  0.308  AGE  (p=0.047) 

OCC  (p=0.001) 
RACE*DRKYR  (p <0.001) 


^  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 

*’  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 

'  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  "Covariate  Remarks"  column. 

Note:  Low  =  39-98  ppt;  Medium  =  >98-232  ppt;  High  =  >232  ppt. 
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Table  13-38.  (Continued) 

Analysis  of  Serological  Evidence  of  Present  or  Prior  Hepatitis  B  Infection 


e)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY 

—  UNADJUSTED 

Dioxin  Category 

n 

Percent 
.  Yes 

Est.  Relative  Risk 
(95%  C.L)=* 

p-Value 

Comparison 

1,063 

15.1 

Background  RH 

374 

9.4 

0.61  (0.41,0.90) 

0.013 

LowRH 

260 

10.0 

0.61  (0.40,0.95) 

0.030 

HighRH 

260 

13.1 

0.80(0.53,1.19) 

0.272 

Low  plus  High  RH 

520 

11.5 

0.71  (0.51,0.97) 

0.033 

f)  MODEL  3: 

RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  -  ADJUSTED 

Adj.  Rdative  Risk 

Dioxin  Category 

n 

(95%  CX)“^ 

p-Value 

Covariate  Remarks 

Comparison 

1,045 

DXCAT*AGE  (p =0.044) 
DXCAT*OCC  (p =0.024) 

Background  RH 

367 

0.77  (0.52,1.16)** 

0.211** 

RACE  (p =0.004) 

DRKYR  (p=0.032) 

Low  RH 

254 

0.58  (0.37,0.92)** 

0.020** 

HighRH 

253 

0.65  (0.42,0.98)** 

0.041** 

Low  plus  High  RH 

507 

0.62  (0.44,0.86)** 

0.004** 

^  Relative  risk  and  confidence  interval  relative  to  Comparisons. 

’’  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  fi'om  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 

®  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  "Covariate  Remarks"  column. 

**  Categorized  dioxin-by-covariate  interactions  (p<0.05);  adjusted  relative  risk,  confidence  interval,  and 
p-value  derived  from  a  model  fitted  after  deletion  of  these  interactions;  refer  to  Appendix  Table  1-2-25  for 
further  analysis  of  these  interactions. 

Note:  RH  =  Ranch  Hand. 

Comparison:  Current  Dioxin  ^  10  ppt. 

Background  (Ranch  Hand):  Current  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  Current  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  143  ppt. 

High  (Ranch  Hand):  Current  Dioxin  >  10  ppt.  Initial  Dioxin  >  143  ppt. 
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Table  13-38.  (Continued) 

Analysis  of  Serological  Evidence  of  Present  or  Prior  Hepatitis  B  Infection 


g)  MODELS  4,  5,  AND  6:  RANCH  HANDS  —  CURRENT  DIOXIN  ^  UNADJUSTED 


Current  Dioxin  Cat^oiy 
Percent  Yes/(n) 

Analysis  Resulte  for  Logj  '.^V 
(Current  IHoxin  +  1) 

ModeP 

Low 

Medium 

High 

Est.  Rdative  Risk 
(95%  C.L)*’ 

p-Value 

4 

8.8 

(295) 

9.3 

(300) 

13.7 

(299) 

1.13  (0.98,1.30) 

0.098 

5 

9.3 

(300) 

8.4 

(297) 

14.1 

(297) 

1.11  (0.98,1.26) 

0.109 

6“= 

9.4 

(299) 

8.4 

(297) 

14.1 

(297) 

1.10(0.96,1.26) 

0.152 

h)  MODELS  4,  5^  AND  6:  RANCH  HANDS  -.  CURRENT  DIOXIN  —  ADJUSTED 


Model® 

n 

Analysis  Results  for  Log2  (Curreat  Dioxin  +  1) 

Adj.  Relative  Risk 

(95%  C.L)'*  p-Value  vr:  ^ 

4 

874 

0.97  (0.82,1.14)** 

0.674** 

CURR*OCC  (p =0.006) 
RACE*DRKYR  (p=0.001) 

5 

874 

0.97  (0.85,1.11)** 

0.677** 

CURR*OCC  (p =0.011) 
RACE*DRKYR  (p  =0.001) 

6<* 

873 

0.96(0.82,1.11)** 

0.554** 

CURR*OCC  (p  =0.014) 
RACE*DRKYR  (p=0.001) 

®  Model  4:  Log2  (lipid-adjusted  current  dioxin  +  1). 

Model  5;  Log2  (whole-weight  current  dioxin  -I-  1). 

Model  6;  Log2  (whole-weight  current  dioxin  +  1),  adjusted  for  log2  total  lipids. 


**  Relative  risk  for  a  twofold  increase  in  current  dioxin. 

Adjusted  for  log2  total  lipids. 

**  Adjusted  for  log2  total  lipids  in  addition  to  covariates  specified  under  "Covariate  Remarks"  column 

**  Log2  (current  dioxin  -(-  l)-by-covariate  interaction  (p  <0.05);  adjusted  relative  risk,  confidence  interval,  and 
p-value  derived  firom  a  model  fitted  after  deletion  of  this  interaction;  refer  to  Appendix  Table  1-2-25  for 
further  analysis  of  this  interaction. 

Note:  Model  4:  Low  =  <  8.1  ppt;  Medium  =  >8.1-20.5  ppt;  High  =  >20.5  ppt. 

Models  5  and  6:  Low  =  <  46  ppq;  Medium  =  >46-128  ppq;  High  =  >  128  ppq. 
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Categorized  dioxin-by-age  and  categorized  dioxin-by-occupation  were  significant 
covariates  in  the  adjusted  analysis  (Table  13-38(f):  p=0.044  and  p=0.024  respectively). 

The  final  model  also  included  a  race-and-lifetime  alcohol  history  interaction.  Appendix 
Table  1-2-25  displays  adjusted  results  stratified  separately  by  age  and  occupation.  After  the 
two  categorized  dioxin-by-co variate  interactions  were  removed  from  the  final  model,  the  low 
Ranch  Hands  versus  Comparisons  and  the  low  plus  high  Ranch  Hands  versus  Comparisons 
contrasts  remained  significant  (Table  13-38(f):  p=0.020,  Adj.  RR=0.58,  95%  C.I.  =  [0.37, 
0.92]  and  p=0.004,  Adj.  RR=0.62,  95%  C.I.=[0.44,  0.86]  respectively).  In  contrast  to  the 
unadjusted  results,  the  high  Ranch  Hands  versus  Comparisons  contrast  became  significant 
(13-38(f):  p=0.041,  Adj.  RR=0.65,  95%  C. I.  =  [0.42,  0.98])  and  the  background  Ranch 
Hands  versus  Comparisons  contrasts  became  nonsignificant  (p =0.2 11). 

The  adjusted  results  corresponded  with  the  unadjusted  results  after  occupation  was 
deleted  from  the  final  model,  revealing  three  significant  contrasts:  background  Ranch  Hands 
versus  Comparisons,  low  Ranch  Hands  versus  Comparisons,  and  low  plus  high  Ranch  Hands 
versus  Comparisons  (Appendix  Table  I-3-28(b):  p=0.020,  Adj.  RR=0.63,  95%  C. I.  =  [0.42, 
0.93];  p=0.018,  Adj.  RR=0.58,  95%  C.I.=[0.37,  0.91]  andp=0.028,  Adj.  RR=0.69, 

95%  C.I.  =  [0.50,  0.96]  respectively). 

The  unadjusted  Model  4  analysis  detected  a  marginally  significant  positive  association 
between  serological  evidence  of  present  or  prior  hepatitis  B  infection  and  current  dioxin 
(Table  13-38(g):  p=0.098,  Est.  RR=1.13,  95%  C.I.=[0.98,  1.30]).  The  unadjusted  Model 
5  and  6  analyses  did  not  show  a  significant  association  (p>0.10  for  both  analyses). 

Current  dioxin-by-occupation  was  a  significant  interaction  in  each  of  the  adjusted 
analyses  for  Models  4,  5,  and  6  (Table  13-38(h):  p=0.006,  p=0.011,  and  p=0.014 
respectively).  Appendix  Table  1-2-25  presents  adjusted  results  stratified  by  occupation  for 
Models  4  through  6.  The  race-by-lifetime  alcohol  history  interaction  also  was  included  in  the 
adjusted  analyses.  After  excluding  the  current  dioxin-by-occupation  interaction,  the  adjusted 
analyses  for  Models  4  through  6  did  not  reveal  a  significant  association  between  serological 
evidence  of  present  or  prior  hepatitis  B  infection  and  current  dioxin  (Table  13-38(h):  p>0.55 
for  all  analyses). 

Antibodies  for  Hepatitis  C 

The  unadjusted  Model  1  analysis  revealed  a  marginally  significant  overall  group 
difference  in  the  percentage  of  participants  with  antibodies  for  Hepatitis  C  (Table  13-39(a): 
p=0.084,  Est.  RR=0.46,  95%  C.I.=[0.21,  1.04]).  The  percentage  of  individuals  with 
antibodies  for  hepatitis  C  was  lower  for  the  Ranch  Hands  than  for  the  Comparisons  (0.8% 
vs.  1.8%).  The  stratified  occupation  analysis  did  not  generate  an  estimated  relative  risk  for 
the  enlisted  flyer  stratum  because  none  of  the  enlisted  flyer  Ranch  Hands  had  antibodies  for 
hepatitis  C. 

The  adjusted  Model  1  analysis  detected  significant  interactions  between  group  and  age 
(Table  13-39(b):  p=0.003)  and  between  group  and  degreasing  chemical  exposure  (p=0.040). 
Race  also  was  retained  in  the  final  model.  Appendix  Table  1-2-26  presents  results  stratified 
separately  for  age  and  degreasing  chemical  exposure.  The  adjusted  relative  risk  for  the 
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Table  13-39. 

Analysis  of  Antibodies  for  Hepatitis  C 


a)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS 

-  UNADJUSTED 

Occupational  Category 

Group 

n 

Percmt 

Yes 

Est.  Relative  Risk 
(95%  C.I.) 

p-Value 

All 

Ranch  Hand 

952 

0.8 

0.46  (0.21,1.04) 

0.084 

Comparison 

1,280 

1.8 

Officer 

Ranch  Hand 

367 

0.8 

0.58  (0.15,2.27) 

0.641 

Comparison 

502 

1.4 

Enlisted  Flyer 

Ranch  Hand 

162 

0.0 

~ 

~ 

Comparison 

202 

2.0 

Enlisted  Groundcrew 

Ranch  Hand 

423 

1.2 

0.56  (0.20,1.61) 

0.400 

Comparison 

576 

2.1 

:  RANCH  HANDS  VS.  COMPARISONS  - 

-ADJUSTED 

Occupational  Category 

Adj.  Relative  Risk 
(95%C.I.) 

p-Value 

Cdvariate  Remarks^ 

All 

Officer 

Enlisted  Flyer 

0.46  (0.21,1.03)** 

0.60  (0.15,2.33)** 

0.048** 

0.457** 

GROUP*AGE  (p =0.003) 
GROUP*DC  (p =0.040) 
RACE  (p=0.039) 

Enlisted  Groundcrew 

0.55  (0.19,1.59)** 

0.272** 

^  Covariates  and  associated  p-values  correspond  to  final  model  based  on  all  participants  with  available  data, 

**  Group-by-covariate  interactions  (p<0.05);  adjusted  relative  risk,  confidence  interval,  and  p-value  derived 
from  a  model  fitted  after  deletion  of  these  interactions;  refer  to  Appendix  Table  1-2-26  for  further  analysis 
of  these  interactions. 

Adjusted  relative  risk,  confidence  interval,  and  p-value  not  presented  due  to  the  sparse  number  of 
abnormalities. 
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Table  13-39.  (Continued) 
Analysis  of  Antibodies  for  Hepatitis  C 


c)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOHN  -  UNADJUSTED 


Initial  Dioxin  Category  Summary  Statistics 

Percent 


:  Analysis  Resnlts  for  Logj  (Initial  Dioxin)^ 
Estimated  Rdative  Risk 


Initial  Dioxin 

n 

Yes 

■  ^  |:(9S%CX)'’ 

::p^ 

Low 

174 

0.6 

0.42  (0.08,2.18) 

0.229 

Medium 

173 

0.6 

High 

173 

0.0 

d)  MODEL  2:  RANCH  HANDS  —  LNITIAL  DIOXIN  — 

ADJUSTED 

n 

Analysis  Results  for  Logj  (Initial  Dioxih)^ 
Ady.  Relative  Risk  (95%  C.!.)**  p-\^lue  i 

Covariate  Remarks 

520 

0.97  (0.14,6.98)  0.979 

AGE  (p =0.016) 

RACE  (p =0.001) 

®  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 

*’  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 

'  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  imder  "Covariate  Remarks"  column. 

Note;  Low  =  39-98  ppt;  Medium  =  >98-232  ppt;  High  =  >232  ppt. 
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Table  13-39.  (Continued) 
Analysis  of  Antibodies  for  Hepatitis  C 


e)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY 

-  UNADJUSTED 

Dioxin  Category 

n 

Percent 

Est.  Relative  Risk 
(95%  C.!.)** 

p- Value 

Comparison 

1,063 

1.5 

Background  RH 

374 

0.5 

0.31  (0.07,1.37) 

0.122 

LowRH 

260 

0.4 

0.27  (0.04,2.06) 

0.207 

HighRH 

260 

0.4 

0.28(0.04,2.11) 

0.215 

Low  plus  High  RH 

520 

0.4 

0.27  (0.06,1.20) 

0.086 

D  model  3: 

RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  -  ADJUSTED 

Dioxin  Category 

n 

Adj.  Rdative  Risk 
(95%CX)“= 

p-Value 

Covariate  Remarks 

Comparison 

1,063 

DC  (p =0.066) 

RACE*AGE  (p =0.002) 

Background  RH 

374 

0.33  (0.08,1.49) 

0.151 

LowRH 

260 

0.17  (0.02,1.46) 

0.107 

HighRH 

260 

0.27  (0.04,2.11) 

0.212 

Low  plus  High  RH 

520 

0.21  (0.05,0.99) 

0.048 

^  Relative  risk  and  confidence  interval  relative  to  Comparisons. 

^  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 

^  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  "Covariate  Remarks"  column. 

Note:  RH  =  Ranch  Hand. 

Comparison:  Current  Dioxin  <  10  ppt. 

Backgroimd  (Ranch  Hand):  Current  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  Current  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  143  ppt. 

High  (Ranch  Hand):  Current  Dioxin  >  10  ppt,  Initial  Dioxin  >  143  ppt. 
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Table  13-39.  (Continued) 
Analysis  of  Antibodies  for  Hepatitis  C 


g)  MODELS  4,  5,  AND  6:  RANCH  HANDS  -  CURRENT  DIOXIN  -  UNADJUSTED 


-  - 

Current  Dioxin  Cat^ory 
Percent  Yes/(n) 

Analysis  Results  for  Log2 
(Current  Dioxin  +  1) 

ModeP 

Low 

Medium 

High 

Est.  Relative 
(95%  €.1.)” 

p-Value 

4 

0.7 

(295) 

0.3 

(300) 

0.3 

(299) 

0.73  (0.35,1.53) 

0.394 

5 

1.0 

(300) 

0.0 

(297) 

0.3 

(297) 

0.73  (0.44,1.21) 

0.245 

6" 

1.0 

(299) 

0.0 

(297) 

0.3 

(297) 

0.89  (0.47,1.70) 

0.727 

h)  MODELS  4,  5,  AND  6:  RANCH  HANDS  -  CURRENT  DIOXIN  -  ADJUSTED 


Analysis  Results  for  Log2  (Current  Dioxin  +  1) 

Modd" 

n 

Adj.  Relative  Risk 
(95%  C.L)'’ 

p-Value 

Covariate  Remarks 

4 

894 

0.65  (0.30,1.39) 

0.252 

AGE  (p =0.071) 

RACE  (p  =0.023) 

5 

894 

0.65  (0.38,1.13) 

0.154 

AGE  (p =0.070) 

RACE  (p  =0.022) 

6“ 

893 

0.78  (0.42,1.47) 

0.461 

AGE  (p =0.060) 

RACE  (p  =0.022) 

®  Model  4:  Log2  (lipid-adjusted  current  dioxin  1). 

Model  5:  Log2  (whole-weight  current  dioxin  -1-  1). 

Model  6:  Log2  (whole-weight  current  dioxin  +  1),  adjusted  for  log2  total  lipids. 


Relative  risk  for  a  twofold  increase  in  current  dioxin. 

Adjusted  for  log2  total  lipids. 

**  Adjusted  for  log2  total  lipids  in  addition  to  covariates  specified  under  "Covariate  Remarks"  column. 

Note:  Model  4:  Low  =  <  8.1  ppt;  Medium  =  >8.1-20.5  ppt;  High  =  >20.5  ppt. 

Models  5  and  6:  Low  =  <  46  ppq;  Medium  =  >46-128  ppq;  High  =  >  128  ppq. 
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overall  group  contrast  became  significantly  less  than  one  when  the  two  group-by-covariate 
interactions  were  removed  from  the  final  model  (Table  13-39(b):  p=0.048,  Adj.  RR=0.46, 
95%  C. I.  =  [0.21,  1.03]).  The  adjusted  relative  risks  stratified  by  occupation  were  less  than 
one,  but  not  significant. 

The  unadjusted  and  adjusted  Model  2  analyses  did  not  detect  a  significant  association 
between  antibodies  for  hepatitis  C  and  initial  dioxin  (Table  13-39(c,d):  p>0.22  for  both 
analyses).  The  adjusted  analysis  contained  age  and  race. 

The  unadjusted  Model  3  results  revealed  a  marginally  significant  difference  between  the 
low  plus  high  Ranch  Hands  and  Comparisons  in  the  percentage  of  individuals  with  antibodies 
for  hepatitis  C  (Table  13-39(e):  p=0.086,  Est.  RR=0.27,  95%  C.I.=[0.06,  1.20]).  The 
percentages  of  participants  with  antibodies  for  hepatitis  C  for  the  Comparisons  and  low  plus 
high  Ranch  Hands  were  1 .5  percent  and  0.4  percent  respectively. 

After  adjusting  for  degreasing  chemical  exposure  and  the  race-by-age  interaction  in  the 
Model  3  analysis,  the  contrasts  between  the  low  plus  high  Ranch  Hands  and  Comparisons 
became  significant  (Table  13-39(f):  p=0.048,  Adj.  RR=0.21,  95%  C.I.  =  [0.05,  0.99]). 

The  unadjusted  and  adjusted  analyses  for  Models  4  through  6  did  not  reveal  a  significant 
association  between  antibodies  for  hepatitis  C  and  current  dioxin  (Table  13-39(g,h);  p>0.15 
for  all  analyses).  Each  of  the  adjusted  analyses  contained  age  and  race. 

Stool  Hemoccult 

The  unadjusted  Model  1  analysis  did  not  reveal  a  significant  group  difference  in  the 
percentage  of  individuals  with  blood  in  their  stools  (Table  13-40(a):  p>0.39  for  all 
contrasts). 

The  stratified  occupation  analysis  could  not  produce  an  estimated  relative  risk  for  the 
enlisted  flyer  stratum  because  stool  blood  was  not  detected  in  any  of  the  enlisted  flyer  Ranch 
Hands. 

The  group-by-lifetime  alcohol  history  interaction  was  significant  in  the  adjusted  Model  1 
analysis  (Table  13-40(b):  p=0.030).  Occupation  and  the  current  alcohol  use-by-industrial 
chemical  exposure  interaction  also  were  significant  in  the  final  model.  Appendix  Table 
1-2-27  displays  adjusted  results  stratified  by  lifetime  alcohol  history.  After  the  group-by¬ 
lifetime  alcohol  history  interaction  was  removed  from  the  final  model,  no  significant  group 
contrasts  were  found  in  the  adjusted  analysis  (p>0.33  for  all  contrasts). 

The  unadjusted  and  adjusted  Model  2  analyses  did  not  detect  a  significant  association 
between  stool  hemoccult  results  and  initial  dioxin  (Table  13-40(c,d):  p>0.31  for  both 
analyses).  Occupation  was  the  only  significant  covariate  in  the  adjusted  analysis. 

The  unadjusted  Model  3  results  revealed  a  significant  difference  between  the  low  Ranch 
Hands  and  Comparisons  in  the  percentage  of  participants  with  positive  stool  hemoccult  tests 
(Table  13-40(e):  p=0.031,  Est.  RR=2.39,  95%  C.I.=[1.08,  5.27]).  The  low  Ranch  Hands 
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Table  13-40. 

Analysis  of  Stool  Hemoccult 


a)  MODEL  !:  RANCH 

COMPARISONS 

-UNADJUSTED 

Occupational  Category 

Group 

■■■ 

Perc^t 

Yes 

Est.  Relative  Risk 
(95%C.I.) 

p-Value 

All 

Ranch  Hand 

898 

2.6 

1.35  (0.75,2.41) 

0.397 

Comparison 

1,200 

1.9 

Officer 

Ranch  Hand 

352 

2.6 

1.54  (0.59,4.04) 

0.522 

Comparison 

478 

1.7 

Enlisted  Flyer 

Ranch  Hand 

152 

0.0 

- 

- 

Comparison 

192 

1.0 

Enlisted  Groundcrew 

Ranch  Hand 

394 

3.6 

1.47  (0.68,3.15) 

0.433 

Comparison 

530 

2.5 

b)  MODEL  ! 

:  RANCH  HANDS  VS.  COMPARISONS 

-ADJUSTED 

Occupational  Category 

Adj .  Relative  Risk 

0S%CAA 

p-VaItte 

Covariate  Remarks^ 

All 

Officer 

Enlisted  Flyer 

1.35  (0.74,2.45)** 

1.59  (0.61,4.18)** 

0.332** 

0.346** 

GROUP*DRKYR  (p =0.030) 
OCC  (p =0.024) 

ALC*IC  (p  <0.001) 

Enlisted  Groundcrew 

1.42  (0.64,3.13)** 

0.384** 

^  Covariates  and  associated  p-values  correspond  to  final  model  based  on  all  participants  with  available  data. 


**  Group-by-covariate  interaction  (p<0.05);  adjusted  relative  risk,  confidence  interval,  and  p-value  derived 
from  a  model  fitted  after  deletion  of  this  interaction;  refer  to  Appendix  Table  1-2-27  for  further  analysis  of 
this  interaction. 
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Table  13-40.  (Continued) 
Analysis  of  Stool  Hemoccult 


c)  MODEL  2^  RANCH  HANDS  --  INmAL  DIOXIN  —  UNADJUSTED 


Initial  Dioxin  Category  Summary  Statistics 
Initial  Dioxin  n 


Percent 

Yes 


Analysis  Results  for  Logj  (Liitia!  Dionn)' 

Estimated  Relative  Risk 
(95%C.L)‘‘ 


p-Value 


Low 

166 

2.4 

0.80(0.51,1.26) 

0.313 

Medium 

161 

4.3 

High 

163 

1.8 

d)  MODEL  2:  RANCH  HANDS 

—  INITIAL  DIOXIN  —  ADJUSTED 

'  .■n 

•Analysis  Results  fo 

'  ■:A<b.:-:Rdatiye''Risk:'{95%’:C.L)*’.:.:'::'::S;:g^- ' 

r  Logj  (Initial  Dioxin)^ 

p-Value^^^^^^^^  V  Covariate  Remarks 

490 

0.83  (0.50,1.36) 

0.449  OCC  (p=0.033) 

®  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 

Relative  risk  for  a  twofold  increase  in  initial  dioxin. 

Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  "Covariate  Remarks"  column. 

Note:  Low  =  39-98  ppt;  Medium  =  >98-232  ppt;  High  =  >232  ppt. 
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Table  13-40.  (Continued) 
Analysis  of  Stool  Hemoccult 


€)  MODEL  3:  RANCH  HAND^  COMPARISONS  BY  DIOXIN  CATEGORY 

-UNADJUSTED 

Dioxin  Category 

n 

Percent 

Yes 

Est.  Relative  Risk 
(9S%C.L)®^ 

p-Value 

Comparison 

1,005 

1.8 

Background  RH 

358 

1.7 

0.93  (0.36,2.39) 

0.885 

Low  RH 

247 

4.0 

2.39  (1.08,5.27) 

0.031 

HighRH 

243 

1.6 

0.89  (0.30,2.68) 

0.841 

Low  plus  High  RH 

490 

2.9 

1.62  (0.79,3.30) 

0.184 

f)  MODEL  3: 

RANCH  HANDS  AND  COMPARISONS  BY  DI05^  CATEGORY  ^  ADJUSTED 

Dioxin  Category 

Adj.  Rdative  Risk 

:::::::;;v::(95%:C.L)“  j ; 

p-Value 

Connate  Roarks 

Comparison 

987 

OCC  (p=0.010) 
RACE*DRKYR  (p=0.013) 

Backgrotmd  RH 

351 

0.80(0.30,2.14) 

0.657 

IC*ALC  (p<  0.001) 

DC*DRKYR  (p =0.043) 

LowRH 

241 

2.49  (1.06,5.85) 

0.037 

High  RH 

236 

1.14  (0.35,3.68) 

0.825 

Low  plus  High  RH 

477 

1.87  (0.87,4.02) 

0.110 

Relative  risk  and  confidence  interval  relative  to  Comparisons. 


Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 

Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  "Covariate  Remarks"  column. 

Note:  RH  =  Ranch  Hand. 

Comparison:  Current  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  Current  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  Current  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  143  ppt. 

High  (Ranch  Hand):  Current  Dioxin  >  10  ppt.  Initial  Dioxin  >  143  ppt. 
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Table  13-40.  (Continued) 
Analysis  of  Stool  Hemoccult 


g)  MODELS  4,  5,  AND  6;  RANCH  HANDS  —  CURRENT  DIOXIN  ^  UNADJUSIED 


Current  Dioxin  Cat^oiy 
Percent  Yes/(n) 

Analysis  Results  for  Log^ 
(Current  Dioxin  +  1) 

ModeP 

Low 

Medium 

£^.  Relative  Risk 

(95%C.L)'»  p-Value 

4 

1.8 

(282) 

2.8 

(288) 

2.5 

(278) 

1.05  (0.77,1.41) 

0.774 

5 

1.7 

(287) 

2.8 

(284) 

2.5 

(277) 

1.09(0.84,1.42) 

0.522 

6= 

1.7 

(286) 

2.8 

(284) 

2.5 

(277) 

1.01  (0.76,1.34) 

0.962 

h)  MODELS  4,  5,  AND  6:  RANCH  HANDS^^ 

CURRENT  DIOXIN  —  ADJUSTED 

Analysis  Results  for  Log2  (Ciirrent  Dioxin  +  1) 

ModeP 

n 

Adj.  RelatiTe  Risk 
(95%  CJ.)” 

p-Vahie 

Covariate  Remarks 

4 

828 

1.12  (0.77,1.62) 

0.554 

OCC  (p=0.020) 
DRKYR  (p=0.032) 
RACE*ALC  (p=0.013) 
IC*ALC  (p=0.014) 

5 

828 

1.15  (0.83,1.60) 

0.379 

OCC  (p=0.018) 
DRKYR  (p=0.031) 
RACE*ALC  (p =0.013) 
IC*ALC  (p=0.013) 

6** 

827 

1.09  (0.77,1.55) 

0.631 

OCC  (p =0.022) 
DRKYR  (p=0.035) 
RACE*ALC  (p =0.018) 
IC*ALC  (p=0.017) 

“  Model  4 
Model  5 
Model  6 

Log2  (lipid-adjusted  current  dioxin  +  1). 

Log2  (whole-weight  current  dioxin  +  1). 

Log2  (whole-weight  current  dioxin  +  1),  adjusted  for  log2  total  lipids. 

**  Relative  risk  for  a  twofold  increase  in  current  dioxin. 

Adjusted  for  logj  total  lipids. 

Adjusted  for  log2  total  lipids  in  addition  to  covariates  specified  under  "Covariate  Remarks"  column. 

Note;  Model  4:  Low  =  <  8.1  ppt;  Medium  =  >8.1-20.5  ppt;  High  =  >20.5  ppt. 

Models  5  and  6:  Low  =  <  46  ppq;  Medium  =  >46-128  ppq;  High  =  >  128  ppq. 
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were  more  than  twice  as  likely  as  Comparisons  to  have  positive  stool  hemoccult  tests  (Table 
13-40(e):  4.0%  vs.  1.8%). 

After  adjusting  for  co variates  in  the  Model  3  analysis,  the  contrast  between  the  low 
Ranch  Hands  and  Comparisons  remained  significant  (Table  13-40(f):  p=0.037,  Adj. 
rr=2.49,  95%  C.I.  =[1.06,  5.85]).  The  final  model  contained  occupation  and  three 
interactions:  race-by-lifetime  alcohol  history,  industrial  chemical  exposure-by-current  alcohol 
use,  and  degreasing  chemical  exposure-by-lifetime  alcohol  history. 

The  unadjusted  and  adjusted  analyses  for  Models  4  through  6  did  not  reveal  a  significant 
association  between  positive  stool  hemoccult  and  current  dioxin  (Table  13-40(g,h):  p>0.37 
for  all  analyses).  Each  of  the  final  models  contained  occupation,  lifetime  alcohol  history, 
and  two  interactions:  race-by-current  alcohol  use  and  industrial  chemical  exposure-by¬ 
current  alcohol  use. 

Prealbumin  (Continuous) 

The  unadjusted  Model  1  analysis  did  not  disclose  a  significant  group  difference  in  the 
mean  levels  of  prealbumin  (Table  13-41(a):  p>0.76  for  all  contrasts).  The  interaction 
between  group  and  current  alcohol  use  was  significant  in  the  adjusted  Model  1  analysis 
(Table  13-41(b):  p=0.022).  Occupation  and  the  age-by-lifetime  alcohol  history  interaction 
also  were  significant  in  the  final  model.  Appendix  Table  1-2-28  presents  adjusted  results 
stratified  by  current  alcohol  use.  The  adjusted  Model  1  analysis  did  not  show  a  significant 
group  difference  in  the  mean  levels  of  prealbumin  when  the  group-by-current  alcohol  use 
interaction  was  removed  from  the  final  model  (Table  13-41(b):  p>0.76  for  all  contrasts). 

Examination  of  the  unadjusted  Model  2  results  did  not  show  a  significant  association 
between  prealbumin  and  initial  dioxin  (Table  13-41(c):  p=0.961).  The  initial  dioxin-by¬ 
industrial  chemical  exposure  interaction  was  significant  in  the  adjusted  Model  2  analysis 
(Table  13-41(d):  p=0.013).  Appendix  Table  1-2-28  displays  adjusted  results  stratified  by 
industrial  chemical  exposure.  Age  and  current  alcohol  use  also  were  significant  covariates  in 
the  adjusted  analysis.  After  the  initial  dioxin-by-industrial  chemical  interaction  was  removed 
from  Ae  final  model,  the  adjusted  analysis  did  not  show  a  significant  association  between 
prealbumin  and  initial  dioxin  (Table  13-41(d):  p=0.524). 

The  unadjusted  Model  3  results  did  not  show  any  of  the  Ranch  Hand  categories  to  be 
significantly  different  from  the  Comparison  group  in  the  mean  levels  of  prealbumin  (Table 
13-41(e):  p>0.64  for  each  contrast).  Categorized  dioxin-by-industrial  chemical  exposure 
was  a  significant  interaction  in  the  adjusted  Model  3  analysis  (Table  13-41(f):  p=0.009). 
Appendix  Table  1-2-28  displays  adjusted  results  stratified  by  industrial  chemical  exposure. 
Occupation,  current  alcohol  use,  and  the  age-by-lifetime  alcohol  history  interaction  also  were 
significant  in  the  final  model.  The  adjusted  Model  3  analysis  did  not  uncover  a  significant 
difference  between  any  of  the  Ranch  Hand  categories  and  the  Comparison  group  after 
removing  the  categorized  dioxin-by-industrial  chemical  exposure  interaction  from  the  final 
model  (Table  13-41(f):  p>0.53  for  all  contrasts). 
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Table  13-41. 

Analysis  of  Prealbumin  (mg/dl) 
(Continuous) 


_ -  a)  MODEL  1;  RANCH  HAJJDS  VS.  COMPARISONS  —  UNADJUSTED 

Occupational  IMfference  of  Means 


Cat^ory 

Group 

n 

Mean 

(95%  C.I.) 

p-Value 

All 

Ranch  Hand 
Comparison 

939 

1,253 

27.72 

27.73 

-0.01  (-0.38,0.37) 

0.975 

Officer 

Ranch  Hand 
Comparison 

361 

495 

27.95 

Tl.%5 

0.09  (-0.53,0.72) 

0.767 

Enlisted  Flyer 

Ranch  Hand 
Comparison 

162 

196 

21.(A 

27.67 

-0.03  (-0.90,0.84) 

0.943 

Enlisted  Groundcrew 

Ranch  Hand 
Comparison 

416 

562 

27.56 

27.64 

-0.08  (-0.64,0.48) 

0.782 

b)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS  —  ADJUSTED 

Occupational 

Cat^ory 

Group 

n 

Adj. 

Mean 

IMfference  of  Adj. 
Means  (95%  C.I.) 

p-Value 

Covariate  Remarks^ 

All 

Ranch  Hand 

917 

27.80** 

0.05  (-0.32,0.42)** 

0.788** 

GROUP* ALC  (p =0.022) 

Comparison 

1,232 

27.75** 

OCC  (p<0.001) 

Officer 

Ranch  Hand 

357 

28.23** 

0.09  (-0.51,0.68)** 

0.777** 

AGE*DRKYR  (p =0.045) 

Comparison 

487 

28.14** 

Enlisted  Flyer 

Ranch  Hand 

156 

27.92** 

0.14  (-0.78,1.06)** 

0.765** 

Comparison 

195 

27.78** 

Enlisted 

Ranch  Hand 

404 

27.28** 

-0.01  (-0.57,0.55)** 

0.964** 

Groundcrew 

Comparison 

550 

27.29** 

^  Covariates  and  associated  p-values  correspond  to  final  model  based  on  all  participants  with  available  data. 


**  Group-by-covariate  interaction  (0.01  <p<0.05);  adjusted  mean,  difference  of  adjusted  means,  confidence 
interval,  and  p-value  derived  from  a  model  fitted  after  deletion  of  this  interaction;  refer  to  Appendix 
Table  1-2-28  for  further  analysis  of  this  interaction. 
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Table  13-41.  (Continued) 
Analysis  of  Prealbumin  (mg/dl) 
(Continuous) 


c)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  -  UNADJUSTED 


Initial  Dioxin  Category  Summary  Statistics 

Analysis  Results  for  Log2  (Initial  Dioxin)^ 

Initial  Dioxin 

n 

Mean 

Adj. 

Mean® 

R* 

Slope 

(Std.  Error) 

p-Value 

Lx)w 

173 

27.70 

27.65 

0.034 

-0.0073  (0.1474) 

0.961 

Medium 

170 

27.40 

27.34 

High 

172 

27.72 

27.83 

d)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  -  ADJUSTED 


Initial  Dioxin  Categoiy  Summary 
Statistics 


Analysis  Results  for  Logj  tMtial  Dioxin)^ 


Adj. 

Adj.  Slope 

Initial  Dioxin 

n 

Mean^ 

R^ 

(Std.  Error)  p-Value 

Covariate  Remarks 

Low 

171 

27.81** 

0.077 

-0.0977  (0.1530)**  0.524** 

INIT*IC  (p=0.013) 

AGE  (p =0.020) 

Medium 

167 

27.43** 

ALC  (p=0.001) 

High 

170 

27.70** 

®  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 

’’  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  "Covariate  Remarks"  column. 

**  Log2  (initial  dioxin)-by-covariate  interaction  (0.01  <p<0.05);  adjusted  mean,  adjusted  slope,  standard  error, 
and  p-value  derived  from  a  model  fitted  after  deletion  of  this  interaction;  refer  to  Appendix  Table  1-2-28 
for  further  analysis  of  this  interaction. 

Note:  Low  =  39-98  ppt;  Medium  =  >98-232  ppt;  High  =  >232  ppt. 
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Table  13-41.  (Continued) 
Analysis  of  Prealbumin  (mg/dl) 
(Continuous) 


e)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  — 

UNADJUSTED 

Dioxin  Cat^ory 

fi 

Mean 

Adj. 

Mean® 

Difference  of  Adj. 

Mean  vs.  Comparisons 
(95%  C.I.) 

p-Value 

Comparison 

1,043 

27.71 

27.72 

Background  RH 

369 

27.80 

27.59 

-0.13  (-0.66,0.41) 

0.642 

LowRH 

257 

27.53 

27.65 

-0.07  (-0.68,0.54) 

0.828 

HighRH 

258 

27.68 

27.84 

0.12  (-0.49,0.73) 

0.691 

Low  plus  High  RH 

515 

27.61 

27.75 

0.03  (-0.44,0.50) 

0.908 

f)  MODEL  3: 

RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATE<3GRY  —  ADJUSTED 

Dioxin  Category 

n 

Adj. 

Mean*’ 

DiHerence  of  Adj. 
Mean  vs.  Comparisons 
(95%  C.I.) 

p-Valne 

Covariate  Remarks 

Comparison 

1,025 

27.75** 

DXCAT*IC  (p =0.009) 

OCC  (p=0.012) 

Background  RH 
LowRH 

362 

251 

27.58** 

27.82** 

-0.17  (-0.71,0.37)** 
0.07  (-0.54,0.67)** 

0.537** 

0.827** 

ALC  (p <0.001) 
AGE*DRKYR  (p =0.013) 

HighRH 

251 

27.93** 

0.17  (-0.45,0.80)** 

0.589** 

Low  plus  High  RH 

502 

27.87** 

0.12  (-0.35,0.59)** 

0.620** 

®  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  ^te  of  the  blood  draw  for  dioxin. 


’’  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  "Covariate  Remarks”  column. 

**  Categorized  dioxin-by-covariate  interaction  (p<0.05);  adjusted  mean,  difference  of  adjusted  means,  and 
p-value  derived  from  a  model  fitted  after  deletion  of  this  interaction;  refer  to  Appendix  Table  1-2-28  for 
further  analysis  of  this  interaction. 

Note:  RH  =  Ranch  Hand. 

Comparison:  Current  Dioxin  ^  10  ppt. 

Background  (Ranch  Hand):  Current  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  Current  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  143  ppt. 

High  (Ranch  Hand):  Current  Dioxin  >  10  ppt,  Initial  Dioxin  >  143  ppt. 
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Table  13-41.  (Continued) 
Analysis  of  Prealbumin  (mg/dl) 
(Continuous) 


g)  MODELS  4,  5,  AND  6;  RANCH  HANDS  —  CURRENT  DIOXIN  —  UNADJUSTED 


Model“ 

Low 

Current  Dioxin  Category 
Mean/(n) 

Medium 

IBgh 

Analysis  Results  for  Logj 

:Slope^^  ^ 

R*  (Std.  Error)  p-Value 

4 

28.05 

27.50 

27.52 

<0.001 

-0.0193 

0.853 

(290) 

(298) 

(296) 

(0.1040) 

5 

27.74 

27.68 

27.65 

0.001 

0.0977 

0.274 

(294) 

(297) 

(293) 

(0.0893) 

6^ 

28.12 

27.71 

27.27 

0.029 

-0.0968 

0.307 

(293) 

(297) 

(293) 

(0.0947) 

h)  MODELS  4,  5,  AND  6:  RANCH  HANDS  --  CURRENT  DIOXIN  -  ADJUSTED 


ModeP 

Current  Dioxin  Category 
Mean/(n) 

Low  Medium  High 

R* 

Analysis  Results  for  Log2 
(Current  Dioxin -+T  1) 

Adj.  Slope 

(Std.  Error)  p-Value  Covariate  Remarks 

4 

28.10** 

(287) 

27.68** 

(290) 

27.61** 

(287) 

0.055 

-0.0277 

(0.1080)** 

0.798** 

CURR*DC  (p=0.002) 
CURR*IC  (p =0.027) 
ALC(p  <0.001) 

DRKYR  (p =0.075) 
AGE*DC  (p=0.018) 

5 

27.76** 

(290) 

27.84** 

(290) 

27.91** 

(284) 

0.065 

0.1569 

(0.0994)** 

0.115** 

CURR*DC  (p  <0.001) 
CURR*OCC  (p =0.007) 

ALC  (p  <0.001) 

DRKYR  (p =0.098) 
AGE*DC  (p =0.010) 

6= 

28.20** 

(289) 

27.88** 

(290) 

27.36** 

(284) 

0.087 

1 

-0.1088 

(0.0978)** 

0.266** 

CURR*DC  (p =0.001) 
CURR*IC  (p =0.008) 

ALC  (p  <0.001) 

DRKYR  (p  =0.042) 
AGE*DC  (p =0.020) 

^  Model  4:  Lx)g2  (lipid-adjusted  current  dioxin  +  1). 

Model  5:  Log2  (whole-weight  current  dioxin  +  1). 

Model  6:  Log2  (whole-weight  current  dioxin  +1),  adjusted  for  log2  total  lipids. 

^  Adjusted  for  log2  total  lipids. 

^  Adjusted  for  log2  total  lipids  in  addition  to  covariates  specified  under  "Covariate  Remarks"  column. 

**  Log2  (current  dioxin  +  l)-by-covariate  interaction  (p<0.05);  adjusted  mean,  adjusted  slope,  standard 
error,  and  p-value  derived  from  a  model  fitted  after  deletion  of  this  interaction;  refer  to  Appendix 
Table  1-2-28  for  further  analysis  of  this  interaction. 

Note:  Model  4:  Low  =  <  8.1  ppt;  Medium  =  >8.1-20.5  ppt;  High  =  >20.5  ppt. 

Models  5  and  6:  Low  —<  46  ppq;  Medium  =  >46-128  ppq;  High  =  >  128  ppq. 
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The  unadjusted  analyses  for  Models  4  through  6  did  not  detect  a  significant  association 
between  prealbumin  and  current  dioxin  (Table  13-41(g):  p>0.27  for  all  analyses).  Current 
dioxin-by-degreasing  chemical  exposure  and  current  dioxin-by-industrial  chemical  exposure 
were  significant  covariates  in  each  of  the  adjusted  analyses  for  Models  4  through  6  (Table 
13-41(h):  p=0.002  and  p=0.027;  p<0.001  and  p=0.007;  p=0.001  and  p=0.008 
respectively).  Appendix  Table  1-2-28  presents  adjusted  results  stratified  separately  by 
degreasing  chemical  exposure  and  industrial  chemical  exposure  for  Models  4  through  6. 

Each  of  the  final  models  also  contained  current  alcohol  use,  lifetime  alcohol  history,  and  the 
age-by-degreasing  chemical  exposure  interaction.  When  the  two  current  dioxin-by-covariate 
interactions  were  removed  from  each  of  the  final  models,  none  of  the  adjusted  analyses  for 
Models  4  through  6  found  prealbumin  to  be  significantly  associated  with  current  dioxin 
(Table  13-41(h):  p>0.11  for  all  analyses). 

Prealbumin  (Discrete) 

The  unadjusted  and  adjusted  Model  1  analyses  did  not  show  a  significant  group 
difference  in  the  percentage  of  participants  with  low  levels  of  prealbumin  (Table  13-42(a,b): 
p>0.26  for  all  contrasts).  The  adjusted  model  contained  the  covariates  age  and  current 
alcohol  use. 

The  unadjusted  Model  2  analysis  did  not  find  a  significant  association  between 
prealbumin  and  initial  dioxin  (Table  13-42(c):  p=0.282).  The  adjusted  Model  2  results  were 
identical  to  the  unadjusted  results  because  no  covariates  were  retained  in  the  final  model. 

Examination  of  the  unadjusted  and  adjusted  Model  3  results  did  not  show  any  of  the 
Ranch  Hand  categories  to  be  significantly  different  from  the  Comparison  group  (Table 
13-42(e,f):  p>0.16  for  all  contrasts).  The  final  model  contained  age  and  current  alcohol 
use. 


The  unadjusted  analyses  for  Models  4  through  6  did  not  detect  a  significant  association 
between  prealbumin  and  current  dioxin  (Table  13-42(g):  p>0.14  for  all  analyses).  Current 
dioxin-by-occupation  was  a  significant  interaction  in  the  adjusted  analyses  of  Models  4  and  5 
(Table  13-42(h);  p=0.002  for  both  models).  Current  dioxin-by-age  was  a  significant 
interaction  in  the  adjusted  Model  6  analysis  (Table  13-42(h):  p=0.006).  Appendix  Table 
1-2-29  displays  adjusted  results  stratified  by  occupation  for  Models  4  and  5  and  also  includes 
adjusted  results  stratified  by  age  for  Model  6.  After  removing  the  current  dioxin-by¬ 
covariate  interaction  from  each  of  the  final  models,  none  of  the  adjusted  analyses  for  Models 
4  through  6  uncovered  a  significant  association  between  prealbumin  and  current  dioxin  (Table 
13-42(h);  p>0.10  for  all  analyses). 

Albumin  (Continuous) 

The  unadjusted  Model  1  analysis  did  not  reveal  a  significant  difference  between  the 
Ranch  Hands  and  Comparisons  in  the  mean  levels  of  albumin  (Table  13-43:  p>0.21  for  all 
contrasts).  Group-by-lifetime  alcohol  history  and  group-by-age  were  significant  covariates  in 
the  adjusted  Model  1  analysis  (Table  13-43(b):  p=0.036  and  p=0.039  respectively). 
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Table  13-42. 
Analysis  of  Prealbumin 
(Discrete) 


-  a)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS  -  UNADJUSTED 

Occupational  Category 

Group 

n 

Percent 

Low 

Est.  Relative  Risk 
(95%  C.I.) 

p-Vaiiue 

All 

Ranch  Hand 

939 

1.3 

1.00  (0.47,2.13) 

0.999 

Comparison 

1,253 

1.3 

Officer 

Ranch  Hand 

361 

1.1 

0.54  (0.17,1.75) 

0.444 

Comparison 

495 

2.0 

Enlisted  Flyer 

Ranch  Hand 

162 

1.2 

1.21  (0.17,8.70) 

0.999 

Comparison 

196 

1.0 

Enlisted  Groundcrew 

Ranch  Hand 

416 

1.4 

2.04  (0.57,7.28) 

0.423 

Comparison 

562 

0.7 

b)  MODEL  1:  RANCH  HANDS  VS.  COMPAMSONS  -  ADJUSTED 


Occupational  Category 

Adj.  Relative  Risk 
(95%CJ[.) 

p-Vahie 

Covariate  Remarks^ 

AU 

0.97  (0.44,2.13) 

0.938 

AGE  (p  <0.001) 

ALC  (p =0.002) 

Officer 

0.51  (0.16,1.66) 

0.265 

Enlisted  Flyer 

1.55  (0.21,11.58) 

0.670 

Enlisted  Groundcrew 

2.07  (0.52,8.20) 

0.301 

“  Covariates  and  associated  p-values  correspond  to  final  model  based  on  all  participants  with  available  data. 
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Table  13-42.  (Continued) 
Analysis  of  Prealbumin 
(Discrete) 


c)  MODEL  2;  RANCH  HANDS  —  INITIAL  DIOXB^  —  UNADJUSTED 


Initial  Dioxin  Gat^ory  Summary  Statistics 

Analysis  Results  for  Logj  (Initial  Dioxin)^ 

Initial  Dioxin 

Percent 

Low 

Estimated  Relative  Risk 

1^5%  C.!.)**  p-Value 

Low 

173 

0.0 

1.38  (0.77,2.49)  0.282 

Medium 

170 

1.2 

High 

172 

1.7 

d)  MQDEL  2;  RANCH  HAIffiS  — INITIAL  DIOXIN  ^  ADJUSTED 
Analysis  Results  for  Logj  (Initial  Dioxin)^ 

p-Valoe  •  "  j: Covariate  RCTnarifg 

515 _ 1.38  (0.77,2.49) _ _ 0^82 

“  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 

Relative  risk  for  a  twofold  increase  in  initial  dioxin. 

Note:  Low  =  39-98  ppt;  Medium  =  >98-232  ppt;  High  =  >232  ppt. 
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Table  13-42.  (Continued) 
Analysis  of  Prealbumin 
(Discrete) 


e)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  -  UNADJUSTED 


Dioxin  Cati^oiy 

n 

Percent 

Low 

Est.  Relative  Risk 
(95%  C.!.)** 

p-Value 

Comparison 

1,043 

1.3 

Background  RH 

369 

1.6 

1.39  (0.52,3.69) 

0.510 

Low  RH 

257 

0.8 

0.49(0.11,2.19) 

0.352 

High  RH 

258 

1.2 

0.70  (0.19,2.55) 

0.590 

Low  plus  High  RH 

515 

1.0 

0.60  (0.21,1.70) 

0.335 

0  MODEL  3: 

RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  -  ADJUSTED 

Dioxin  Category 

n 

Adj.  Relative  Risk 
(95%  C.L)“= 

p-Value 

Covariate  Remarks 

Comparison 

1,027 

AGE  (p=0.017) 

ALC  (p =0.057) 

Background  RH 

367 

1.35  (0.50,3.62) 

0.555 

LowRH 

254 

0.23  (0.03,1.84) 

0.168 

HighRH 

254 

0.90  (0.24,3.34) 

0.879 

Low  plus  High  RH 

508 

0.52  (0.17,1.65) 

0.268 

^  Relative  risk  and  confidence  interval  relative  to  Comparisons. 

^  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 

^  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  ”Covariate  Remarks”  column. 

Note:  RH  =  Ranch  Hand. 

Comparison:  Current  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  Current  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  Current  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  143  ppt. 

High  (Ranch  Hand):  Current  Dioxin  >  10  ppt,  Initial  Dioxin  >  143  ppt. 
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Table  13-42.  (Continued) 
Analysis  of  Prealbumin 
(Discrete) 


g)  MODELS  4,  5,  AND  6;  RANCH  HANDS  —  CllRRENT  DIOXIN  —  UNADJUSTED 

Current  Dioxin  Cat^oiy 

Analysis  Results  for  Logj 

Percent  Low/(n) 

(Current  Dioxin  +  1) 

Est.  Relative  Risk 

ModeP 

Low 

Medium 

High 

(95%  CJ.)**  I  /  p-Value 

4 

1.4 

1.0 

1.4 

0.87  (0.57,1.33)  0.514 

(290) 

(298) 

(296) 

5 

1.4 

1.0 

1.4 

0.78  (0.56,1.08)  0.147 

(294) 

(297) 

(293) 

6*= 

1.0 

1.0 

1.4 

0.97  (0.65,1.44)  0.882 

(293) 

(297) 

(293) 

h)  MODELS  4,  5,  AND  6;  RANCH  HANDS  — 

CURRENT  DIOXIN  —  ADJUSTED 

Analysis  Results  for  Log; 

(Current  Dioxin  +  1) 

Adj.  Relative  Risk 

Model® 

n 

(95%  C.L)*’ 

p-Value 

Covariate  Remarks 

4 

884 

0.83  (0.52,1.31)** 

0.417** 

CURR*OCC  (p =0.002) 

5 

884 

0.75  (0.54,1.04)** 

0.104** 

CURR*OCC  (p =0.002) 

6'^ 

883 

1.00(0.66,1.52)** 

0.984** 

CURR*AGE  (p =0.006) 

^  Model  4:  Log2  (lipid-adjusted  current  dioxin  -I-  1). 

Model  5:  Log2  (whole-weight  current  dioxin  -1-1), 

Model  6:  Log2  (whole-weight  current  dioxin  +  1),  adjusted  for  log2  total  lipids. 


^  Relative  risk  for  a  twofold  increase  in  current  dioxin. 

Adjusted  for  log2  total  lipids. 

Adjusted  for  log2  total  lipids  in  addition  to  covariates  specified  under  "Covariate  Remarks”  column. 

**  Log2  (current  dioxin  -I-  l)-by-covariate  interaction  (p<0.05);  adjusted  relative  risk,  confidence 
interval,  and  p-value  derived  from  a  model  fitted  after  deletion  of  this  interaction;  refer  to  Appendix 
Table  1-2-29  for  further  analysis  of  this  interaction. 

Note:  Model  4:  Low  =  <  8.1  ppt;  Medium  =  >8.1-20.5  ppt;  High  =  >20.5  ppt. 

Models  5  and  6:  Low  =  <  46  ppq;  Medium  =  >46-128  ppq;  High  =  >  128  ppq. 
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Table  13-43. 

Analysis  of  Albumin  (mg/dl) 
(Continuous) 


a)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS  -  UNADJUSTED 


Occupationai 

Category 

Group 

n 

Mean 

Diffa'ence  of  Means 
(9S%C.I.) 

p-Value 

All 

Ranch  Hand 

939 

3,938.63 

-15.40  (-41.48,10.68) 

0.247 

Comparison 

1,253 

3,954.03 

Officer 

Ranch  Hand 

361 

3,929.45 

-25.79  (-66.52,14.95) 

0.215 

Comparison 

495 

3,955.23 

Enlisted  Flyer 

Ranch  Hand 

162 

3,926.56 

-12.15  (-74.19,49.89) 

0.701 

Comparison 

196 

3,937.70 

Enlisted  Groundcrew 

Ranch  Hand 

416 

3,951.68 

-6.98  (-47.42,33.45) 

0.735 

Comparison 

562 

3,958.67 

b)  MODEL  1:  RANCH  HANDS  VSi  COMPARISONS  ^  ADJUSITJ) 


Occupatioiial 

Category 

Group 

Adj.  Difference  of  Adj. 

Mean  Means  (95%  ;CT.)^™ 

Covariate  Remarks* 

All 

Ranch  Hand 

917 

3,910.13**  -12.15  (-38.06,13.77)  0.358** 

GROUP*DRKYR 

Comparison 

1,232 

3,922.27** 

(p =0.036) 

GROUP* AGE  (p =0.039) 

Officer 

Ranch  Hand 

357 

3,919.44**  -23.11  (-64.59,18.37)  0.275** 

RACE  (p =0.004) 

Comparison 

487 

3,942.55** 

DC  (p=0.042) 

Enlisted  Flyer 

Ranch  Hand 
Comparison 

156 

195 

3,916.15**  -2.98  (-66.92,60.95)  0.927** 
3,919.14** 

AGE*IC  (p  =0.002) 

Enlisted 

Ranch  Hand 

404 

3,904.03**  -5.45  (-44.42,33.53)  0.784** 

Groundcrew 

Comparison 

550 

3,909.48** 

“  Covariates  and  associated  p-values  correspond  to  final  model  based  on  all  participants  with  available  data. 


**  Group-by-covariate  interaction  (0.01  <p<0.05);  adjusted  mean,  difference  of  adjusted  means,  confidence 
interval,  and  p-value  derived  from  a  model  fitted  after  deletion  of  this  interaction;  refer  to  Appendix 
Table  1-2-30  for  further  analysis  of  this  interaction. 
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Table  13-43.  (Continued) 
Analysis  of  Albumin  (mg/dl) 
(Continuous) 


c)  MODEL  2:  RANCH  HANDS -- INITIAL  DIOXIN -- UNADJUSTED 


Initial  Dioxin  Category  Summary  Statistics 

Analysis  Results  for  Log2 

Mtiai  Dioxin 

n 

Mean 

Adj. 

Mean® 

R^ 

Slope 

(Std.  Error) 

p-Value 

Low 

173 

3,933.12 

3,926.85 

0.043 

15.9199  (10.1567) 

0.118 

Medium 

170 

3,918.12 

3,913.79 

High 

172 

3,971.22 

3,981.81 

d)  MODEL  2:  RANCH  HANDS  --^  INm^  DipXIN  — 


Initial  Dioxin  Category  Summary 


Statistics 

Atlj. 

Initial  Dioxin 

M 

Low 

173 

3,878.39** 

Medium 

170 

3,852.43** 

High 

172 

3,909.67** 

Analysis  Results  for  Logj  (Initial  Dioxin)'’ 


p-Vaiue  Covariate  Remarks 


'^(Std^"EiiOT)3 


0.071  8.1440(10.6839)**  0.446** 


1NIT*1C  (p=0.013) 
AGE  (p =0.104) 
RACE  (p =0.0 14) 


®  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 


*’  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  "Covariate  Remarks"  column. 

**  Log2  (initial  dioxin)-by-covariate  interaction  (0.01  <p^0.05);  adjusted  mean,  adjusted  slope,  standard 
error,  and  p-value  derived  from  a  model  fitted  after  deletion  of  this  interaction;  refer  to  Appendix 
Table  1-2-30  for  further  analysis  of  this  interaction. 


Note:  Low  =  39-98  ppt;  Medium  =  >98-232  ppt;  High  =  >232  ppt. 
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Table  13-43.  (Continued) 
Analysis  of  Albumin  (mg/dl) 
(Continuous) 


€)  MODEL  3;  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  —  UNADJUSTED 

IMfferraice  of  Adj. 

Adj.  Mean  vs.  Cmnparisons 


Dioxin  Category 

n 

Mean 

Mean® 

(95%C.I.) 

p-Value 

Comparison 

1,043 

3,949 

3,949.03 

Background  RH 

369 

3,938 

3,921.21 

-27.83  (-63.85,8.20) 

0.130 

Low  RH 

257 

3,913 

3,922.34 

-26.70  (-67.83,14.44) 

0.203 

High  RH 

258 

3,968 

3,982.08 

33.04  (-8.13,74.20) 

0.116 

Low  plus  High  RH 

515 

3,941 

3,952.21 

3.17  (-28.71,35.05) 

0.846 

f)  MODEL  3;  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  -  ADJUSTED 

Dioxin  Category  n  Mean^ 

Difference  of  Adj. 

Mean  vs.  Comparisons 

\yo  /c  p-vai 

lie  ;  Covanate  Remarks 

Comparison 

1,027 

3,936.55** 

DXCAT*IC  (p =0.020) 
ALC  (p =0.108) 

Background  RH 

367 

3,916.86**  -19.68  (-56.12,16.75)** 

0.290** 

AGE*IC  (p=0.001) 
OCC*IC  (p=0.041) 

LowRH 

254 

3,921.28**  -15.27  (-56.22,25.69)** 

0.465** 

OCC*RACE  (p =0.048) 

High  RH 

254 

3,962.35**  25.80  (-16.50,68.11)** 

0.232** 

Low  plus  High  RH 

508 

3,941.82**  5.27  (26.79,37.33)** 

0.747** 

^  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 

Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  "Covariate  Remarks"  column. 

**  Categorized  dioxin-by-covariate  interaction  (0.01  <p<0.05);  adjusted  mean,  difference  of  adjusted  means, 
and  p-value  derived  from  a  model  fitted  after  deletion  of  this  interaction;  refer  to  Appendix  Table  1-2-30  for 
further  analysis  of  this  interaction. 

Note:  RH  =  Ranch  Hand. 

Comparison:  Current  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  Current  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  Current  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  143  ppt. 

High  (Ranch  Hand):  Current  Dioxin  >  10  ppt.  Initial  Dioxin  >  143  ppt. 
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Table  13-43.  (Continued) 
Analysis  of  Albumin  (mg/dl) 
(Continuous) 


g)  MODELS  4,  5,  AND  6:  RANCH  HANDS  —  CURRENT  DIOXIN  r-  DNMKTDSTED 


Current  Dioxin  Category 

Mean/(n) 

Analysis  Results  for  L<^2 
(Current  Dioxin  +  1) 

Model^ 

Low 

Medium 

High 

Slope 

(Std.  Error) 

p-Vaiue 

4 

3,956.28 

(290) 

3,901.34 

(298) 

3,962.43 

(296) 

<0.001 

2.7200 

(6.9959) 

0.698 

5 

3,950.34 

(294) 

3,909.97 

(297) 

3,959.52 

(293) 

0.001 

4.4671 

(6.0070) 

0.457 

6'’ 

3,958.44 

(293) 

3,910.73 

(297) 

3,950.89 

(293) 

0.004 

0.4077 

(6.4688) 

0.950 

h)  MODiELS  4,  5,  AND  6:  R^CH  HANDS  —  CURRENT  DIOXIN  —  ADJUSTED 


Current  Dioxin  Cat^ory  Adjusted 
,  ;::Mean/(n)^;:  - 

Analysis  Results  for  Logj 
(Curroit  Dioxin  -1-  1) 

Model® 

Low 

Medium 

High 

AOj;  Mope 
(Std.  EitoiO 

p-¥alue 

Covariate  Remarks 

4 

3,929.48** 

(289) 

3,880.46** 

(295) 

3,923.76** 

(291) 

0.047 

-3.4551 

(8.0212)** 

0.667** 

CURR*ALC  (p =0.006) 
CURR*DC  (p=0.011) 
RACE  (p =0.034) 
AGE*1C  (p =0.020) 
ALC*OCC  (p=0.010) 

5 

3,924.57** 

(292) 

3,888.18** 

(295) 

3,920.81** 

(288) 

0.047 

0.3387 

(6.7815)** 

0.960** 

CURR*ALC  (p =0.008) 
CURR*DC  (p =0.016) 
RACE  (p =0.043) 
AGE*IC  (p=0.023) 
ALC*OCC  (p=0.012) 

6' 

3,937.34** 

(291) 

3,892.30** 

(295) 

3,912.69** 

(288) 

0.051 

-4.8440 

(7.3150)** 

0.508** 

CURR*ALC  (p=0.009) 
CURR*DC  (p =0.016) 
RACE  (p  =0.057) 
AGE*IC  (p  =0.027) 
ALC*OCC  (p=0.012) 

^  Model  4:  Logj  (lipid-adjusted  current  dioxin  +  1). 

Model  5:  Log2  (whole-weight  current  dioxin  +  1). 

Model  6:  Log2  (whole-weight  current  dioxin  -1-  1),  adjusted  for  log2  total  lipids. 

Adjusted  for  log2  total  lipids. 

'  Adjusted  for  log2  total  lipids  in  addition  to  covariates  specified  under  "Covariate  Remarks"  column. 

**  Log2  (current  dioxin  -I-  l)-by -covariate  interaction  (p<0.05);  adjusted  mean,  adjusted  slope,  standard 
error,  and  p-value  derived  from  a  model  fitted  after  deletion  of  this  interaction;  refer  to  Appendix 
Table  1-2-30  for  further  analysis  of  this  interaction. 

Note:  Model  4:  Low  =  <  8.1  ppt;  Medium  =  >8.1-20.5  ppt;  High  =  >20.5  ppt. 

Models  5  and  6:  Low  =  <  46  ppq;  Medium  =  >46-128  ppq;  High  =  >128  ppq. 
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Appendix  Table  1-2-30  presents  adjusted  results  stratified  separately  by  age  and  lifetime 
alcohol  history.  The  final  adjusted  model  also  included  race,  degreasing  chemical  exposure, 
and  the  age-by-industrial  chemical  exposure  interaction.  After  the  two  group-by-covariate 
interactions  were  removed  from  the  final  model,  the  adjusted  Model  1  analysis  did  not  detect 
any  significant  group  contrasts  (Table  13-43(b):  p>0.27  for  each  contrast). 

The  unadjusted  Model  2  results  did  not  show  a  significant  association  between  albumin 
and  initial  dioxin  (Table  13-43(c):  p=0.118).  The  adjusted  Model  2  analysis  contained  a 
significant  interaction  between  initial  dioxin  and  industrial  chemical  exposure  (Table 
13-43(d):  p=0.013).  Appendix  Table  1-2-30  presents  adjusted  results  stratified  by  industrial 
chemical  exposure.  In  addition  to  the  initial  dioxin-by-industrial  chemical  exposure 
interaction,  the  final  adjusted  model  also  included  age  and  race.  The  adjusted  Model  2 
analysis  did  not  reveal  a  significant  association  between  albumin  and  initial  dioxin  when  the 
initial  dioxin-by-industrial  chemical  exposure  interaction  was  removed  from  the  final  model 
(Table  13-43(d):  p=0.446). 

The  unadjusted  Model  3  analysis  did  not  reveal  a  significant  difference  between  any  of 
the  Ranch  Hand  categories  and  the  Comparison  group  in  the  mean  levels  of  albumin  (Table 
13-43(e):  p>0.11  for  all  contrasts).  Categorized  dioxin-by-industrial  chemical  exposure  was 
a  significant  interaction  in  the  adjusted  Model  3  analysis  (Table  13-43(f):  p=0.020). 
Appendix  Table  1-2-30  displays  adjusted  results  stratified  by  industrial  chemical  exposure.  In 
addition  to  this  interaction,  the  adjusted  analysis  also  contained  current  alcohol  use  and  three 
significant  co variate-by-covariate  interactions:  age-by-industrial  chemical  exposure, 
occupation-by-industrial  chemical  exposure,  and  occupation-by-race.  The  adjusted  Model  3 
analysis  did  not  show  any  of  the  Ranch  Hand  categories  to  be  significantly  different  from  the 
Comparison  group  when  categorized  dioxin-by-industrial  chemical  exposure  was  removed 
from  the  final  model  (Table  13-43(f):  p>0.23  for  all  contrasts). 

The  unadjusted  analyses  for  Models  4  through  6  did  not  reveal  a  significant  association 
between  albumin  and  current  dioxin  (Table  13-43(g):  p>0.45  for  all  analyses).  Current 
dioxin-by-current  alcohol  and  current  dioxin-by-degreasing  chemical  exposure  were 
significant  covariates  in  each  of  the  adjusted  analyses  of  Models  4  through  6  (Table  13-43(h); 
p=0.006  and  p=0.011;  p=0.008  and  p=0.016;  p=0.009  and  p=0.016  respectively). 
Appendix  Table  1-2-30  displays  adjusted  results  stratified  separately  by  current  alcohol  use 
and  degreasing  chemical  exposure  for  Models  4  through  6.  Each  of  the  adjusted  analyses 
also  included  race  and  two  significant  covariate-by-covariate  interactions:  age-by-industrial 
chemical  exposure  and  current  alcohol  use-by-occupation.  After  removing  the  current 
dioxin-by-covariate  interactions  from  each  of  the  final  models,  none  of  the  adjusted  analyses 
for  Models  4  through  6  showed  albumin  to  be  significantly  associated  with  current  dioxin 
(Table  13-43(h):  p>0.50). 

Albumin  (Discrete) 

The  unadjusted  Model  1  analysis  did  not  reveal  a  significant  group  difference  in  the 
percentage  of  individuals  with  low  albumin  levels  (Table  13-44(a):  p>0.50  for  all  contrasts). 
The  interaction  between  group  and  industrial  chemical  exposure  was  significant  in  the 
adjusted  Model  1  analysis.  Appendix  Table  1-2-31  presents  adjusted  results  stratified  by 
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Table  13-44. 
Analysis  of  Albumin 
(Discrete) 


.  a)  MODEL  1:  RANCH  HANDS  VS. 

COMPARISONS 

-  UNADJUSTED 

Occupational  Category 

Group 

n 

Percent 

Low  ■ 

Est.  Relative  Risk 
{95%  C.I.) 

p-Value 

All 

Ranch  Hand 

939 

2.4 

1.10  (0.63,1.92) 

0.852 

Comparison 

1,253 

2.2 

Officer 

Ranch  Hand 

361 

2.2 

1.58  (0.57,4.40) 

0.536 

Comparison 

495 

1.4 

Enlisted  Flyer 

Ranch  Hand 

162 

1.9 

0.51  (0.13,2.00) 

0.509 

Comparison 

196 

3.6 

Enlisted  Groundcrew 

Ranch  Hand 

416 

2.9 

1.16  (0.53,2.54) 

0.859 

Comparison 

562 

2.5 

:  RANCH  HANDS  VS. 

COMPARISONS  -  ADJUSTED 

Ady*  Relative  Risk 

Occupational  Categoiy 

(95%  e.L) 

p-Value 

Covariate  Remarks^ 

All 

1.08  (0.61,1.89)** 

0.794** 

GROUP*IC  (p =0.029) 

Officer 

1.61  (0.57,4.50)** 

0.366** 

OCC  (p=0.104) 
AGE*IC  (p=0.018) 

Enlisted  Flyer 

0.50  (0.13,1.95)** 

0.316** 

Enlisted  Groundcrew 

1.13  (0.51,2.49)** 

0.756** 

®  Covariates  and  associated  p-values  correspond  to  final  model  based  on  all  participants  with  available  data. 

**  Group-by-covariate  interaction  (0.01<p<0.05);  adjusted  relative  risk,  confidence  interval,  and  p-value 
derived  from  a  model  fitted  after  deletion  of  this  interaction;  refer  to  Appendix  Table  1-2-31  for  further  analysis 
of  this  interaction. 


13-221 


Table  13-44.  (Continued) 
Analysis  of  Albumin 
(Discrete) 


c)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  -  UNADJUSTED 


Initial  Dioxin  Category  Summary  Statistics 

Analysis  Results  for  Log2  (Initial  Dioxin)^ 

Initial  Dioxin 

n 

Percent 

Low 

Estimated  Relative  Risk 
(95%  C.I.)^ 

p-Value 

Low 

173 

1.7 

1.11  (0.76,1.62) 

0.599 

Medium 

170 

2.9 

High 

172 

2.9 

■ _ d)  MODEL  2:  RANCH  HANDS  —  INITIAL  DIOXIN  —  ADJUSTED  _ 

Analysis  Results  for  Logj  (Initial  Dioxin)^ 

n _ AdJ.  Relative  Risk  (95%  C.!.)**  '  :  ■  p-Vtdiife  ,  Covaiiaitfe  Remarics 

515 _ 1.11  (0.76,1.62) _ 0.599 _ 

®  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 

**  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 

Note:  Low  =  39-98  ppt;  Medium  =  >98-232  ppt;  High  =  >232  ppt. 
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Table  13-44.  (Continued) 
Analysis  of  Albumin 
(Discrete) 


e)  MODJ^  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  — 

UNADJUSTED 

Dioxin  Categoiy 

n 

Percent 

Low 

Est.  Relative  Risk 
(95%  c.Ly* 

p-Value 

Comparison 

1,043 

2.3 

Background  RH 

369 

2.4 

1.26  (0.58,2.77) 

0.559 

LowRH 

257 

2.7 

1.05  (0.44,2.48) 

0.917 

HighRH 

258 

2.3 

0.86  (0.34,2.15) 

0.743 

Low  plus  High  RH 

515 

2.5 

0.95  (0.47,1.90) 

0.887 

0  MODEL  3:  AND  COMPARISONS  BY  DIOXIN  CATEGORY  —  ADJUSTED 


Dioxin  Category 

Adj.  Rdative  Risk 
(95%  C.I.)=^ 

p-Value 

Covariate  R«narks 

Comparison 

1,043 

Background  RH 

369 

1.26  (0.58,2.77) 

0.559 

LowRH 

257 

1.05  (0.44,2.48) 

0.917 

HighRH 

258 

0.86  (0.34,2.15) 

0.743 

Low  plus  High  RH 

515 

0.95  (0.47,1.90) 

0.887 

^  Relative  risk  and  confidence  interval  relative  to  Comparisons. 

’’  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 

Note:  RH  =  Ranch  Hand. 

Comparison:  Current  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  Current  Dioxin  <10  ppt. 

Low  (Ranch  Hand):  Current  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  ^  143  ppt. 

High  (Ranch  Hand):  Current  Dioxin  >  10  ppt,  Initial  Dioxin  >  143  ppt. 
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Table  13-44.  (Continued) 
Analysis  of  Albumin 
(Discrete) 


g)  MODELS  4,  S,  AND  6:  RANCH  HANDS  -  CURRENT  DIOXIN  -  UNADJUSTED 


Model® 

Low 

Current  Dioxin  Category 
Percent  Low/(n) 

Medium 

High 

Analysis  Results  for  Log2 
<CuiTent  Dioxin  +  i) 

Est.  Relative  Risk 

(95%C.L)‘’  p-Value 

4 

1.7 

3.0 

2.7 

1.13  (0.86,1.50) 

0.387 

(290) 

(298) 

(296) 

5 

1.7 

2.7 

3.1 

1.08  (0.84,1.39) 

0.529 

(294) 

(297) 

(293) 

6= 

1.7 

2.7 

3.1 

1.09(0.84,1.43) 

0.516 

(293) 

(297) 

(293) 

h)  MODELS  4,  S,  AND  6;  RANCH  HANDS  - 

CURRENT  DIOXIN  -  ADJUSTED 

Analysis  Results  for  Ixjgj  (Current 

Adj.  Relative  Risk 

Model® 

n 

(95%  C.I.)'’ 

p-Value 

■  Remaiiis 

4 

884 

1.13  (0.86,1.49) 

0.393 

RACE  (p =0.1 16) 

5 

884 

1.08  (0.84,1.38) 

0.541 

RACE  (p =0.1 16) 

6*' 

883 

1.09  (0.84,1.42) 

0.510 

RACE  (p =0.1 13) 

^  Model  4:  Log2  (lipid-adjusted  current  dioxin  +  1). 

Model  5:  Log2  (whole-weight  current  dioxin  +  1). 

Model  6:  Log2  (whole-weight  current  dioxin  +1),  adjusted  for  log2  total  lipids. 

^  Relative  risk  for  a  twofold  increase  in  current  dioxin. 

Adjusted  for  log2  total  lipids. 

^  Adjusted  for  log2  total  lipids  in  addition  to  covariates  specified  under  ”Covariate  Remarks"  column. 

Note:  Model  4:  Low  =  <  8.1  ppt;  Medium  =  >8.1-20.5  ppt;  High  =  >20.5  ppt. 

Models  5  and  6:  Low  =  <  46  ppq;  Medium  =  >46-128  ppq;  High  =  >128  ppq. 
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industrial  chemical  exposure.  Occupation  and  the  age-hy-industrial  chemical  exposure 
interaction  also  were  significant  in  the  final  model.  After  the  group-by-industrial  chemical 
exposure  interaction  was  removed  from  the  final  model,  the  adjusted  Model  1  analysis  did 
not  show  any  significant  group  contrasts  (Table  13-44(b):  p>0.31). 

The  unadjusted  Model  2  analysis  did  not  reveal  a  significant  association  between 
albumin  and  initial  dioxin  (Table  13-44(c):  p=0.599).  The  unadjusted  and  adjusted  results 
were  identical  because  no  covariates  were  retained  in  the  adjusted  Model  2  analysis.  Model 
3  analysis  results  did  not  show  any  of  the  Ranch  Hand  categories  to  be  significantly  different 
from  the  Comparison  group  in  the  percentage  of  participants  with  low  albumin  levels  (Table 
13-44(e):  p>0.55  for  all  contrasts).  The  adjusted  results  were  identical  to  the  unadjusted 
findings  because  no  covariates  were  retained  in  the  final  model. 

The  unadjusted  and  adjusted  analyses  for  Models  4  through  6  did  not  detect  a  significant 
association  between  albumin  and  current  dioxin  (Table  13-44(g,h):  p>0.38  for  all  analyses). 
Race  was  the  only  covariate  in  each  of  the  adjusted  analyses. 

a-1  Acid  Glycoprotein  (Continuous) 

The  unadjusted  and  adjusted  Model  1  analyses  did  not  reveal  a  significant  group 
difference  in  the  mean  levels  of  a-1  acid  glycoprotein  (Table  13-45(a):  p>0.25  for  all 
contrasts).  The  adjusted  Model  1  analysis  contained  race,  occupation,  and  two  interactions: 
lifetime  alcohol  history-by-current  alcohol  use  and  age-by-current  alcohol  use. 

The  unadjusted  Model  2  analysis  did  not  reveal  a  significant  association  between  a-1 
acid  glycoprotein  and  initial  dioxin  (Table  13-45(c):  p =0.745).  Initial  dioxin-by-lifetime 
alcohol  history  and  initial  dioxin-by-occupation  were  significant  interactions  in  the  adjusted 
Model  2  analysis  (Table  13-45(d):  p=0.007  and  p=0.022  respectively).  Appendix  Table  I- 
2-32  presents  adjusted  results  stratified  separately  by  occupation  and  lifetime  alcohol  history. 
In  addition  to  the  two  initial  dioxin-by-covariate  interactions,  race  and  the  occupation-by- 
industrial  chemical  exposure  interaction  also  were  significant  in  the  final  model.  In  contrast 
to  the  unadjusted  results,  the  adjusted  Model  2  analysis  revealed  a  marginally  significant 
inverse  association  between  a-1  acid  glycoprotein  and  initial  dioxin  when  the  two  initial 
dioxin-by-covariate  interactions  were  removed  from  the  final  model  (Table  13-45(d): 
p=0.097,  Adj.  Slope=-0.0134). 

Removing  occupation  from  the  final  Model  2  analysis  changed  the  adjusted  results. 
Without  occupation  and  the  initial  dioxin-by-lifetime  alcohol  history  interaction,  the  adjusted 
Model  2  analysis  did  not  find  a  significant  association  between  a-1  acid  glycoprotein  and 
initial  dioxin  (Appendix  Table  I-3-32(a):  p =0.898). 

The  unadjusted  Model  3  analysis  revealed  a  marginally  significant  difference  between 
the  background  Ranch  Hands  and  Comparisons  in  the  mean  levels  of  a-1  acid  glycoprotein 
(Table  13-45(e):  p=0.097).  The  mean  level  of  a-1  acid  glycoprotein,  adjusted  for  percent 
body  fat  at  the  time  of  duty  in  SEA  and  the  change  in  the  percent  body  fat  from  the  time  of 
duty  in  SEA  to  the  date  of  the  blood  draw  for  dioxin,  was  lower  for  the  background  Ranch 
Hands  than  for  Comparisons  (Table  13-45(e):  55.14  mg/dl  vs.  56.38  mg/dl). 
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Table  13-45. 

Analysis  of  a-1  Acid  Glycoprotein  (mg/dl) 
(Continuous) 


a)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS  -  UNADJUSTED 

Occupational 

Cat^ory 

Group 

n 

Mean^ 

Difference  of  Means 
(95%  C.I.)’’ 

p-Value*^ 

All 

Ranch  Hand 

939 

56.58 

0.18- 

0.740 

Comparison 

1,253 

56.40 

Officer 

Ranch  Hand 

361 

54.08 

-0.65  - 

0.438 

Comparison 

495 

54.73 

Enlisted  Flyer 

Ranch  Hand 

162 

57.81 

0.04  - 

0.975 

Comparison 

196 

57.77 

Enlisted  Groundcrew 

Ranch  Hand 

416 

58.34 

0.92  - 

0.250 

Comparison 

562 

57.42 

b)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS  -  ADJUSTED 


Occupational 

Category 

Group 

n 

Adj. 

Mean* 

Difference  of  Adj. 
Means  (95%  C.I.)'’ 

p-Value*^ 

/  Goyariate  Remarks*^ 

All 

Ranch  Hand 

917 

55.35 

0.04- 

0.933 

RACE  (p =0.0 16) 

Comparison 

1,232 

55.30 

OCC  (p  <0.001) 

DRKYR*ALC  (p<0.001) 

Officer 

Ranch  Hand 

357 

52.38 

-0.77  - 

0.338 

AGE*ALC  (p=0.035) 

Comparison 

487 

53.15 

Enlisted  Flyer 

Ranch  Hand 

156 

56.26 

0.06  - 

0.967 

Comparison 

195 

56.20 

Enlisted 

Ranch  Hand 

404 

57.49 

0.82  - 

0.316 

Groundcrew 

Comparison 

550 

56.67 

_ L- 

^  Transformed  from  namral  logarithm  scale. 

**  Difference  of  means  after  transformation  to  original  scale;  confidence  interval  on  difference  of  means  not 
presented  because  analysis  was  performed  on  natural  logarithm  scale. 

^  P-values  based  on  difference  of  means  on  natural  logarithm  scale. 

Covariates  and  associated  p-values  correspond  to  final  model  based  on  all  participants  with  available  data. 
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Table  13-45.  (Continued) 
Analysis  of  a-1  Acid  Glycoprotein  (mg/dl) 
(Continuous) 


c)  MODEL  2:  RANCH  HAISDS  -  UNADJUSTED 


Initial  Dioxin  Category  Summary  Statistics 

Analysis  Results  for  Log2  (Initial  Dioxin)^ 

Initial  Dioxin 

n 

Mean^ 

Mean®** 

Slope 

(Std.  Error)' 

p-Value 

Low 

173 

56.19 

56.24 

0.010 

0.0023  (0.0070) 

0.745 

Medium 

170 

58.46 

58.41 

High 

172 

57.61 

57.61 

d)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  AD^ 


Initial  Dioxin  Categoiy  Summary 
Statistics 


Analysis  Results  for  Log2  (Initial  Dioxin)^ 


Initial  Dioxin 

n 

Adj. 

Mean^ 

Adj.  Slope 
(Std.  Error)' 

Low 

170 

54.38** 

0.098 

-0.0134  (0.0081)**  0.097** 

1N1T*DRKYR  (p =0.007) 

Medium 

165 

55.25** 

1NIT*0CC  (p=0.022) 

RACE  (p=0.(K)5) 

High 

167 

53.30** 

OCC*IC  (p=0.020) 

^  Transformed  from  natural  logarithm  scale. 

^  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin, 

^  Slope  and  standard  error  based  on  natural  logarithm  of  a-l  acid  glycoprotein  versus  log2  (initial  dioxin). 

^  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  co variates  specified  under  "Covariate  Remarks"  column. 

**  Log2  (initial  dioxin)-by-covariate  interactions  (p<O.05);  adjusted  mean,  adjusted  slope,  standard  error,  and 
p-value  derived  from  a  model  fitted  after  deletion  of  these  interactions;  refer  to  Appendix  Table  I-2«32  for 
further  analysis  of  these  interactions. 

Note:  Low  =  39-98  ppt;  Medium  =  >98-232  ppt;  High  =  >232  ppt. 
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Table  13-45.  (Continued) 
Analysis  of  a-1  Acid  Glycoprotein  (mg/dl) 
(Continuous) 


€)  MODEL  3;  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  —  UNADJUSTED 


Dioxin  Category 

n 

Mean^ 

Adj. 

Mean* 

Difference  of  Adj. 

Mean  vs.  Cranparisons 
(95%  C.L)' 

p-Value^ 

Comparison 

1,043 

56.38 

56.38 

Background  RH 

369 

55.22 

55.14 

-1.24  - 

0.097 

LowRH 

257 

57.13 

57.20 

0.82  - 

0.344 

HighRH 

258 

57.69 

57.73 

1.35  - 

0.122 

Low  plus  High  RH 

515 

57.41 

57.46 

1.08  - 

0.108 

f)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  -  ADJUSTED 


Dioxin  Category 

n  ■ 

Mean“ 

ean  vs.  Comparisons 
(95%C.I.)‘= 

j^lut^ 

Comparison 

1,025 

54.41** 

DXCAT*DRKYR  (p=0.017) 

RACE  (p  =0.004) 

Background  RH 

362 

53.95** 

-0.46 

0.535** 

OCC  (p <0.001) 
AGE*ALC  (p =0.050) 

LowRH 

251 

55.19** 

0.78 

0.350** 

ALC*DRKYR  (p=0.012) 

HighRH 

251 

54.55** 

0.15  -** 

0.864** 

IC*DC  (p=0.025) 

Low  plus  High  RH 

502 

54.87** 

0.46  -** 

0.477** 

®  Transformed  from  natural  logarithm  scale. 

^  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 

'  Difference  of  adjusted  means  after  transformation  to  original  scale;  confidence  interval  on  difference  of 
adjusted  means  not  presented  because  analysis  was  performed  on  natural  logarithm  scale. 

**  P-value  is  based  on  difference  of  means  on  natural  logarithm  scale. 

®  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  "Covariate  Remarks"  column. 

**  Categorized  dioxin-by-covariate  interaction  (0.01  <p^0.05);  adjusted  mean,  difference  of  adjusted  means, 
and  p-value  derived  from  a  model  fitted  after  deletion  of  this  interaction;  refer  to  Appendix  Table  1-2-32  for 
further  analysis  of  this  interaction. 

Note:  RH  =  Ranch  Hand. 

Comparison:  Current  Dioxin  <  10  ppt. 

Backgroimd  (Ranch  Hand):  Current  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  Current  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  143  ppt. 

High  (Ranch  Hand):  Current  Dioxin  >  10  ppt.  Initial  Dioxin  >  143  ppt. 
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Table  13-45.  (Continued) 
Analysis  of  a-1  Acid  Glycoprotein  (mg/dl) 
(Continuous) 


g)  MODELS  4,  5,  AM)  6:  RANCH  HANDS  — 


-  - 

Current  Dioxin  Cat^ory 

Analysis  Resnlts  for  Logi 

Mean^/(n) 

(Current  IMoxin  +  1) 

Modd” 

Low 

Medium 

High 

Slope 

(Std.  Error)*^ 

p-Value 

4 

55.37 

56.25 

57.83 

0.004 

0.0093 

0.060 

(290) 

(298) 

(296) 

(0.0049) 

5 

55.42 

55.67 

58.42 

0.007 

0.0103 

0.015 

(294) 

(297) 

(293) 

(0.0042) 

6** 

55.92 

55.73 

57.79 

0.021 

0.0055 

0.221 

(293) 

(297) 

(293) 

(0.0045) 

h)  MODELS  4,  5/  AND  6:  RANCH  HAN^  —  CURRENT  DIOXIN  —  ADJUSTED 


Modd'’ 

Current  Dioxin  Category  ; 
Adjusted  McariVfn) 

Low  Medium  High 

A 

Adj.  Slope 
(StdvEiTOi^ 

jiaiysis  Restdt^ 

{Current  Dioxin  4"  1) 

^  p-Value  Coyariate  Remarks 

4 

54.19** 

(287) 

54.12** 

(290) 

53.14** 

(287) 

0.078 

-0.0095 

(0.0057)** 

0.092** 

CURR*DRKYR  (p  =0.042) 
RACE  (p =0.004) 

ALC  (p=0.016) 
AGE*OCC  (p =0.022) 
OCC*IC  (p =0.020) 

5 

54.19 

(290) 

53.60 

(290) 

54.07 

(284) 

0.072 

-0.0040 

(0.0048) 

0.398 

RACE  (p =0.005) 

ALC  (p  =0.023) 
DRKYR  (p=0.085) 
AGE*OCC  (p=0.021) 
OCC*IC  (p  =0.001) 

6® 

54.95 

(289) 

53.81 

(290) 

53.44 

(284) 

0.087 

-0.0105 

(0.0051) 

0.040 

RACE  (p =0.009) 

ALC  (p =0.043) 
DRKYR  (p=0.093) 
AGE*OCC  (p =0.010) 
OCC*IC  (p=0.001) 

*  Transfonned  from  natural  logarithm  scale. 

^  Model  4:  Log2  (lipid-adjusted  current  dioxin  +  1). 

Model  5:  Log2  (whole-weight  current  dioxin  +  1). 

Model  6:  Log2  (whole-weight  current  dioxin  -1-  1),  adjusted  for  log2  total  lipids. 

Slope  and  standard  error  based  on  natural  logarithm  of  a-1  acid  glycoprotein  versus  log2  (current  dioxin  +  1). 
^  Adjusted  for  log2  total  lipids. 

®  Adjusted  for  log2  total  lipids  in  addition  to  covariates  specified  tmder  "Covariate  Remarks"  column. 

**  Log2  (current  dioxin  +  l)-by-covariate  interaction  (0.01  <p<0.05);  adjusted  mean,  adjusted  slope,  standard 
error,  and  p-value  derived  from  a  model  fitted  after  deletion  of  this  interaction;  refer  to  Appendix  Table  1-2- 
32  for  further  analysis  of  this  interaction. 

Note:  Model  4:  Low  =  ^  8.1  ppt;  Medium  =  >8.1-20.5  ppt;  High  =  >20.5  ppt. 

Models  5  and  6:  Low  =  <  46  ppq;  Medium  =  >46-128  ppq;  High  =  >  128  ppq. 
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The  interaction  between  categorized  dioxin  and  lifetime  alcohol  history  was  significant 
in  the  adjusted  Model  3  analysis  (Table  13-45(f):  p=0.017).  The  final  model  also  contained 
race,  occupation,  and  three  significant  covariate-by-covariate  interactions;  age-by-current 
alcohol  use,  current  alcohol  use-by-lifetime  alcohol  history,  and  industrial  chemical  exposure- 
by-degreasing  chemical  exposure.  Appendix  Table  1-2-32  presents  adjusted  results  stratified 
by  lifetime  alcohol  history.  After  removing  the  categorized  dioxin-by-lifetime  alcohol  history 
interaction  from  the  adjusted  analysis,  the  contrast  between  the  background  Ranch  Hands  and 
Comparisons  became  nonsignificant  (p =0.535).  All  other  contrasts  involving  the 
Comparisons  remained  nonsignificant  (Table  13-45(f):  p>0.35  for  all  contrasts). 

The  unadjusted  association  between  current  dioxin  and  a-1  acid  glycoprotein  was 
marginally  significant  in  Model  4,  significant  in  Model  5,  and  not  significant  in  Model  6 
(Table  13-45(g):  p=0.060,  Est.  Slope=0.0093;  p=0.015,  Est.  Slope=0.0103;  and  p=0.221 
respectively). 

Current  dioxin-by-lifetime  alcohol  history  was  a  significant  interaction  in  the  adjusted 
Model  4  analysis  (Table  13-45(h):  p=0.042).  The  adjusted  Model  4  analysis  also  contained 
race,  current  alcohol  use,  and  two  significant  co variate-by-covariate  interactions:  age-by- 
occupation  and  occupation-by-industrial  chemical  exposure.  Appendix  Table  1-2-32  presents 
adjusted  results  stratified  by  lifetime  alcohol  history  for  Model  4.  For  Models  5  and  6,  each 
of  the  adjusted  analyses  contained  race,  current  alcohol  use,  lifetime  alcohol  history,  and  two 
interactions:  age-by-occupation  and  occupation-by-industrial  chemical  exposure.  The 
association  between  a-l  acid  glycoprotein  and  current  dioxin  remained  marginally  significant 
in  the  adjusted  Model  4  analysis  when  the  current  dioxin-by-lifetime  alcohol  history 
interaction  was  removed  from  the  final  model  (Table  13-45(h):  p=0.092,  Adj.  Slope= 
-0.0095).  However,  the  direction  of  the  association  differed  between  the  unadjusted  and 
adjusted  results  (increasing  in  the  unadjusted  analysis,  decreasing  in  the  adjusted  analysis). 

The  adjusted  Model  5  analysis  did  not  show  a  significant  association  between  a-1  acid 
glycoprotein  and  current  dioxin  (Table  13-45(h):  p=0.398),  but  the  adjusted  Model  6 
analysis  found  a  significant  decreasing  association  (Table  13-45(h):  p=0.040,  Adj.  Slope= 
-0.0105). 

Removing  occupation  from  the  analyses  of  Models  4  through  6  changed  the  statistical 
significance  of  adjusted  results  for  these  models.  With  occupation  and  the  current  dioxin-by¬ 
lifetime  alcohol  history  interaction,  the  adjusted  Model  4  analysis  did  not  reveal  a  significant 
association  between  a-1  acid  glycoprotein  and  current  dioxin  (Appendix  Table  I-3-32(c): 
p =0.245).  However,  the  adjusted  Model  5  analysis  foimd  a  marginally  significant 
association  between  a-1  acid  glycoprotein  and  current  dioxin  after  occupation  was  removed 
from  the  final  model  (Appendix  Table  I-3-32(c):  p=0.078,  Adj.  Slope =0.0077).  When 
occupation  was  removed  from  Model  6,  the  adjusted  analysis  did  not  show  a-1  acid 
glycoprotein  to  be  significantly  associated  with  current  dioxin  (Appendix  Table  I-3-32(c): 
p =0.572). 

a-1  Acid  Glycoprotein  (Discrete) 

The  unadjusted  Model  1  analysis  did  not  reveal  a  significant  group  difference  in  the 
percentage  of  individuals  with  high  levels  of  a-1  acid  glycoprotein  (Table  13-46(a):  p>0.31 
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Table  13-46. 

Analysis  of  a-1  Acid  Glycoprotein 
(Discrete) 


a)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS  —  UNADJUSTED 


Occupational  Gategoiy 

Group 

n 

Percent 

High 

Est.  Relative  Risk  - 
(95%  C.I.) 

p-Value 

All 

Ranch  Hand 

939 

2.2 

0.32  (0.47,1.42) 

0.570 

Comparison 

1,253 

2.7 

Officer 

Ranch  Hand 

361 

1.4 

0.52(0.18,1.47) 

0.313 

Comparison 

495 

2.6 

Enlisted  Flyer 

Ranch  Hand 

162 

3.7 

1.04  (0.34,3.15) 

0.999 

Comparison 

196 

3.6 

Enlisted  Groundcrew 

Ranch  Hand 

416 

2.4 

0.96(0.42,2.19) 

0.999 

Comparison 

562 

2.5 

b)  MODEL  1 

:  RANCH  HANDS  VS. 

COMPARISONS 

—  ADJUSTED 

Adj.  Relative  Risk 

Occupational  Category 

(95%  C.L) 

p-Value 

Covaiiate  Remarks^ 

All 

0.80  (0.46,1.40)** 

0.439** 

GROUP*AGE  (p=0.018) 

Officer 

0.51  (0.18,1.43)** 

0.199** 

DRKYR  (p =0.014) 

Enlisted  Flyer 

1.06  (0.35,3.22)** 

0.923** 

Enlisted  Groundcrew 

0.95  (0.41,2.18)** 

0.899** 

Covariates  and  associated  p-values  correspond  to  final  model  based  on  all  participants  with  available  data 


**  Group-by-covariate  interaction  (0.01  <p  <0.05);  adjusted  relative  risk,  confidence  interval,  and  p-value 
derived  from  a  model  fitted  after  deletion  of  this  interaction;  refer  to  Appendix  Table  1-2-33  for  further 
analysis  of  this  interaction. 
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Table  13-46.  (Continued) 
Analysis  of  a-1  Acid  Glycoprotein 
(Discrete) 


c)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  -  UNADJUSTED 


Initial  Dioxin  Category  Summary  Statistics 

Analysis  Results  for  Log2  (Initial  Dioxin)^ 

Initial  Dioxin 

n 

Percent 

High 

Estimated  Rdative  Risk 
(95%  C.I.)’’ 

p-VaJue 

Low 

173 

2.3 

1.17  (0.74,1.85) 

0.507 

Medium 

170 

2.4 

High 

172 

2.3 

d)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  — 

ADJUSTED 

Analysis  Results  for  Logj  (Initial  Dioxin)*^ 

AdJ.  Relative  Risk^^^t^  C.L)*!  p^ue 

Covariate  Remarks 

515 

1.08  (0.64,1.84)**  0.772** 

INIT*OCC  (p =0.008) 
INIT*DC  (p=0.029) 

AGE  (p=0.131) 

^  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 

^  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 

^  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  "Covariate  Remarks”  column. 

**  Log2  (initial  dioxinj-by-covariate  interactions  (p<0.05);  adjusted  relative  risk,  confidence  interval,  and 
p-value  derived  from  a  model  fitted  after  deletion  of  these  interactions;  refer  to  Appendix  Table  1-2-33  for 
further  analysis  of  these  interactions. 

Note:  Low  =  39-98  ppt;  Medium  =  >98-232  ppt;  High  =  >232  ppt. 
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Table  13-46.  (Continued) 
Analysis  of  a-1  Acid  Glycoprotein 
(Discrete) 


e)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOSN  CATEGORY 

-UNADJUSTED 

Dioxin  Cat^oiy 

n 

Percent 

High 

Est,  Relative  Risk 
■  (9S%  C.!.)** 

p-Value 

Comparison 

1,043 

2.6 

Background  RH 

369 

1.6 

0.57  (0.23,1.40) 

0.223 

Low  RH 

257 

2.3 

0.91  (0.37,2.24) 

0.837 

HighRH 

258 

2.3 

0.96  (0.39,2.37) 

0.936 

Low  plus  High  RH 

515 

2.3 

0.94  (0.47,1.87) 

0.852 

i)  MODEL  3: 

RANCH  HAWS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  —  ADJUSTED 

Dioxin  Categoiy 

n 

Adj,  Relative  Risk 
(9S%CX)“= 

p-Value 

Covariate  Remarks 

Comparison 

1,025 

DXCAT*AGE  (p <0.001) 

DRKYR  (p  =0.018) 

Backgroimd  RH 

362 

0.53  (0.22,1.33)** 

0.177** 

LowRH 

251 

0.88  (0.36,2.17)** 

0.782** 

HighRH 

251 

1.04  (0.42,2.58)** 

0.941** 

Low  plus  High  RH 

502 

0.95  (0.47,1.91)** 

0.887** 

^  Relative  risk  and  confidence  interval  relative  to  Comparisons. 

^  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 

^  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  "Covariate  Remarks”  column. 

**  Categorized  dioxin-by-covariate  interaction  (p<0.05);  adjusted  relative  risk,  confidence  interval,  and  p-value 
derived  from  a  model  fitted  after  deletion  of  this  interaction;  refer  to  Appendix  Table  1-2-33  for  further 
analysis  of  this  interaction. 

Note:  RH  =  Ranch  Hand. 

Comparison:  Current  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  Current  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  Current  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  143  ppt. 

High  (Ranch  Hand):  Current  Dioxin  >  10  ppt,  Initial  Dioxin  >  143  ppt. 
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Table  13-46.  (Continued) 
Analysis  of  a-1  Acid  Glycoprotein 
(Discrete) 


g)  MODELS  4,  5,  AND  6:  RANCH  HANDS  -  CDBKENT  DIOXIN  -  UNADJUSTED 


ModeP 

Low 

Current  Dioxin  Cat^oiy 
Percent  High/(n) 

Medium 

High 

Analysis  Results  for  Logj 
:  (Current  Dioxin  4-  1) 

Est.  Relative  Risk 

(95%  C.!.)**  p-Value 

4 

1.7 

(290) 

2.0 

(298) 

2.4 

(296) 

1.12(0.82,1.52) 

0.494 

5 

1.7 

(294) 

2.0 

(297) 

2.4 

(293) 

1.09(0.83,1.43) 

0.555 

6= 

1.7 

(293) 

2.0 

(297) 

2.4 

(293) 

1.12(0.84,1.51) 

0.441 

b)  MODELS  4,  5,  AND  6;  RANCH  HANDS  -  CURRENT  DIOXIN  -  ADJUSTED 


ModeP 

n 

Analysis  Results  for  Log^  (Current  Dioxin  +  1) 

Ady.  RelatiV(^"Risk 

(95%  C.I.)^  p-Value  Covariate  Remarks 

4 

864 

0.99  (0.69,1.43)** 

0.973** 

CURR*OCC  (p=0.022) 

DRKYR  (p=0.120) 

OCC*AGE  (p=0.001) 

5 

864 

0.99  (0.73,1.34)** 

0.960** 

CURR*OCC  (p =0.025) 

DRKYR  (p =0.125) 

OCC*AGE  (p=0.001) 

6^ 

863 

1.01  (0.72,1.40)** 

0.971** 

CURR*OCC  (p=0.021) 

DRKYR  (p =0.1 10) 

OCC*AGE  (p =0.002) 

®  Model  4:  Log2  (lipid-adjusted  current  dioxin  +  1). 

Model  5:  Log2  (whole-weight  current  dioxin  +  1). 

Model  6:  Logj  (whole-weight  current  dioxin  +  1),  adjusted  for  log2  total  lipids. 


**  Relative  risk  for  a  twofold  increase  in  current  dioxin. 

^  Adjusted  for  log2  total  lipids. 

**  Adjusted  for  log2  total  lipids  in  addition  to  covariates  specified  under  "Covariate  Remarks"  column. 

**  Log2  (current  dioxin  +  l)-by-covariate  interaction  (0.01  <p<0.05);  adjusted  relative  risk,  confidence 
interval,  and  p-value  derived  from  a  model  fitted  after  deletion  of  this  interaction;  refer  to  Appendix 
Table  1-2-33  for  further  analysis  of  this  interaction. 

Note:  Model  4:  Low  =  <  8.1  ppt;  Medium  =  >8.1-20.5  ppt;  High  =  >20.5  ppt. 

Models  5  and  6:  Low  =  <  46  ppq;  Medium  =  >46-128  ppq;  High  =  >128  ppq. 
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for  all  contrasts).  Group-by-age  was  a  significant  interaction  in  the  adjusted  Model  1 
analysis  (Table  13-46(b):  p=0.018).  In  addition  to  this  interaction,  lifetime  alcohol  history 
was  retained  in  the  final  model.  Appendix  Table  1-2-33  presents  adjusted  results  stratified  by 
age.  After  removing  the  group-by-lifetime  alcohol  history  interaction  from  the  final  model, 
the  adjusted  Model  1  analysis  did  not  reveal  a  significant  group  contrast  (Table  13-46(b): 
p>0.19  for  all  contrasts). 

The  unadjusted  Model  2  results  did  not  reveal  a  significant  association  between  a-1  acid 
glycoprotein  and  initial  dioxin  (Table  13-46(c):  p=0.507).  Initial  dioxin-by-occupation  and 
initial  dioxin-by-degreasing  chemical  exposure  were  significant  interactions  in  the  adjusted 
Model  2  analysis  (Table  13-46(d):  p=0.008  and  p=0.029  respectively).  Appendix  Table 
1-2-33  presents  adjusted  results  stratified  separately  by  occupation  and  degreasing  chemical 
exposure.  Age  also  was  retained  in  the  final  adjusted  model.  The  adjusted  Model  2  analysis 
did  not  reveal  a  significant  association  between  a-1  acid  glycoprotein  and  initial  dioxin  when 
the  two  initial  dioxin-by-covariate  interactions  were  removed  from  the  final  model  (Table  13- 
46(d):  p =0.772). 

The  unadjusted  Model  3  analysis  did  not  detect  a  significant  difference  between  any  of 
the  Ranch  Hand  categories  and  the  Comparison  group  in  the  percentage  of  participants  with 
high  a-1  acid  glycoprotein  levels  (Table  13-46(e):  p>0.22  for  all  contrasts).  The  interaction 
between  categorized  dioxin  and  age  was  significant  in  the  adjusted  Model  3  analysis  (Table 
13-46(f):  p< 0.001).  The  final  model  also  contained  lifetime  alcohol  history.  Appendix 
Table  1-2-33  displays  adjusted  results  stratified  by  age.  Without  the  categorized  dioxin-by¬ 
age  interaction,  the  adjusted  Model  3  analysis  did  not  show  any  of  the  Ranch  Hand 
categories  to  differ  significantly  from  the  Comparisons  (Table  13-46(f):  p>0.17  for  all 
contrasts). 

The  unadjusted  analyses  for  Models  4  through  6  did  not  detect  a  significant  association 
between  a-1  acid  glycoprotein  and  current  dioxin  (Table  13-46(g):  p>0.44  for  all  analyses). 
Each  of  the  adjusted  analyses  for  Models  4  through  6  contained  a  significant  interaction 
between  current  dioxin  and  occupation  (Table  13-46(h):  p=0.022,  p=0.025,  and  p=0.021 
for  Models  4,  5,  and  6  respectively).  In  addition  to  this  interaction,  each  of  the  final  models 
contained  lifetime  alcohol  history  and  the  interaction  between  occupation  and  age.  Appendix 
Table  1-2-33  displays  adjusted  results  stratified  by  occupation  for  Models  4  through  6.  The 
adjusted  analyses  for  Models  4,  5,  and  6  did  not  show  a  significant  association  between  a-1 
acid  glycoprotein  and  current  dioxin  when  the  current  dioxin-by-occupation  interaction  was 
removed  from  each  of  the  analyses  (Table  13-46(h):  p>0.96  for  all  analyses). 

a-1  Antitrypsin  (Continuous) 

The  unadjusted  Model  1  analysis  detected  a  marginally  significant  overall  group 
difference  in  the  mean  levels  of  a-1  antitrypsin  (Table  13-47(a):  p=0.077).  The  mean  level 
of  a-1  antitrypsin  was  higher  for  the  Ranch  Hands  than  for  the  Comparisons  (151.59  mg/dl 
vs.  149.48  mg/dl).  The  stratified  occupation  analysis  did  not  reveal  a  significant  group 
contrast  (Table  13-47(a):  p>0.18  for  any  of  the  stratified  contrasts). 
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Table  13-47. 

Analysis  of  a-1  Antitrypsin  (mg/dl) 
(Continuous) 


a)  MODEL  1 :  RANCH  HANDS  VS.  COMPARISONS  -  UNADJUSTED 


Occupational 

Category 

Group 

n 

Mean 

IMfferMice  of  Means 
(95%  C.I.) 

p-Vaiue 

All 

Ranch  Hand 

939 

151.59 

2.12  (-0.23,4.46) 

0.077 

Comparison 

1,253 

149.48 

Officer 

Ranch  Hand 

361 

146.98 

1.08  (-2.60,4.77) 

0.564 

Comparison 

495 

145.89 

Enlisted  Flyer 

Ranch  Hand 

162 

156.91 

3.19  (-2.76,9.13) 

0.294 

Comparison 

196 

153.72 

Enlisted  Groimdcrew 

Ranch  Hand 

416 

153.53 

2.38  (-1.10,5.86) 

0.181 

Comparison 

562 

151.15 

b)  MODEL  1;  RANCH  HANDS  VS.  COMPARISONS  -  ADJUSTED 

Occupational 

Category 

Group 

n 

Adj. 

Mean 

Difference  of  Adj. 
Means  (95%  C.I.) 

y  ;  p-Value 

Covariate  Remarks® 

All 

Ranch  Hand 

917 

148.79 

2.16  (-0.12,4.44) 

0.063 

AGE  (p <0.001) 

Comparison 

1,232 

146.63 

RACE(p=0.011) 

OCC  (p  <0.001) 

Officer 

Ranch  Hand 

357 

142.60 

1.40  (-2.26,5.05) 

0.454 

DRKYR  (p< 0.001) 

Comparison 

487 

141.20 

WINE  (p <0.001) 

Enlisted  Flyer 

Ranch  Hand 

156 

152.05 

3.49  (-2.13,9.12) 

0.223 

DC  (p =0.037) 

Comparison 

195 

148.56 

Enlisted 

Ranch  Hand 

404 

152.18 

2.34  (-1.08,5.77) 

0.180 

Groundcrew 

Comparison 

550 

149.83 

*  Covariates  and  associated  p-values  correspond  to  final  model  based  on  all  participants  with  available  data. 
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Table  13-47.  (Continued) 
Analysis  of  of-1  Antitrypsin  (mg/dl) 
(Continuous) 


c)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  —  UNADJUSTED 


Initial  Dioxin  Category  Summary  Statistics 

Analysis  Results  for  Log2  (fnitial  Dioxin)® 

Initial  Dioxin 

n 

Mean 

Adj. 

Mean^ 

R^ 

Slope 

(Std.  EiTor) 

p-Value 

Low 

173 

148.46 

148.13 

0.020 

0.9889  (0.8901) 

0.267 

Medium 

170 

153.74 

153.80 

High 

172 

151.65 

151.93 

d)  MODEL  2:  RANCH  HANDS  — 11^  —  ADJIBTED 


Initial  Dioxin  Category  Summary 


Statistics 

Adj. 


initial  Dioxin 

n 

Low 

170 

142.66** 

Medium 

165 

145.54** 

High 

167 

143.42** 

Analysis  RiKults  for  Logj  (Initial  Dioxin)*’ 

Adj.  Slope 

R^  (Std.  Eiror)  p-Vaiue  Covariate  Remarks 

0.116  0.1019(1.0141)**  0.920**  1NIT*1C  (p =0.016) 

1NIT*DC  (p  =0.027) 
AGE  (p =0.007) 
RACE  (p =0.016) 
DRKYR  (p =0.008) 
OCC*WlNE  (p =0.008) 
_ 1C*W1NE  (p =0.016) 


^  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 

*’  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  timf»  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  tmder  "Covariate  Remarks"  column. 

**  Log2  (initial  dioxin)-by-covariate  interactions  (0.01  <p^0.05);  adjusted  mean,  adjusted  slope,  standard 
error,  and  p-value  derived  from  a  model  fitted  after  deletion  of  these  interactions;  refer  to  Appendix 
Table  1-2-34  for  further  analysis  of  these  interactions. 

Note;  Low  =  39-98  ppt;  Medium  =  >98-232  ppt;  High  =  >232  ppt. 
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Table  13-47.  (Continued) 
Analysis  of  a-1  Antitrypsin  (mg/dl) 
(Continuous) 


e)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  - 

-UNADJUSTED 

Adj. 

IMoxin  Category  n  Mean  Mean^ 

Difference  of  Adj. 
Mean  vs.  Comparisons 
(95%  C.L) 

p-Value 

Comparison 

1,043 

149.64 

149.67 

Background  RH 

369 

151.60 

151.35 

1.68  (-1.60,4.96) 

0.315 

Low  RH 

257 

151.44 

151.17 

1.50  (-2.25,5.25) 

0.433 

High  RH 

258 

151.10 

151.60 

1.93  (-1.82,5.67) 

0.314 

Low  plus  High  RH 

515 

151.27 

151.39 

1.71  (-1.19,4.62) 

0.248 

f)  MODEL  3: 

RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  —  ADJUSTED 

Difference  of  Adj. 

Adj. 

Mean  vs.  Comparisons 

Dioxin  Category 

n 

Mean’’ 

(95%C.I.) 

p-Value 

Covariate  Remarks 

Comparison 

1,025 

146.42 

AGE  (p  <0.001) 

RACE  (p =0.013) 

Background  RH 

362 

150.72 

4.30  (1.03,7.56) 

0.010 

OCC  (p  <0.001) 
DRKYR  (p  <0.001) 

LowRH 

251 

147.32 

0.90  (-2.77,4.56) 

0.632 

WINE  (p  <0.001) 

High  RH 

251 

146.25 

-0.17  (-3.96,3.62) 

0.929 

DC  (p  =0.016) 

Low  plus  High  RH 

502 

146.78 

0.36  (-2.50,3.23) 

0.804 

^  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 

^  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  "Covariate  Remarks"  column. 

Note:  RH  =  Ranch  Hand. 

Comparison:  Current  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  Current  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  Current  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  143  ppt. 

High  (Ranch  Hand):  Current  Dioxin  >  10  ppt.  Initial  Dioxin  >  143  ppt. 
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Table  13-47.  (Continued) 
Analysis  of  a-1  Antitrypsin  (mg/dl) 
(Continuous) 


g)  MODELS  4,  5,  AND  6;  RANCH  HANDS  -  CURRENT  DIOXIN  -  UNADJUSTED 


Model^ 


Low 

Current  Dioxin  Cat^ory 
Mean/(n) 

Medium 

High 

Analysis  Results  for  Log2 
(Current  Dioxin  +  1) 

S3h)pe 

R*  (Std.  Error)  p-Value 

152.72 

150.29 

151.25 

<0.001 

-0.3957 

0.535 

(290) 

(298) 

(296) 

(0.6371) 

153.39 

148.52 

152.35 

0.001 

-0.6233 

0.255 

(294) 

(297) 

(293) 

(0.5469) 

152.79 

148.49 

152.70 

0.001 

-0.2962 

(293) 

(297) 

(293) 

(0.5870) 

4 

5 
6^ 


h)  MGDELS  4)  5,  AND  6;  RAI 

'iCH  HANDS  -  CURRENT  DIOXIN 

-ADJUSTED 

ModeP 

Current  Dioxin  Category 
Adjusted  Mean/<n) 

Analysis  Results  for  Logj 
(Current  Dioxin  +  1) 

Adj.  Slope 

Low 

Medium 

High 

R* 

(Std.  Error) 

p-Value 

Covariate  Remarks 

4 

150.45** 

(287) 

145.06** 

(290) 

142.35** 

(287) 

0.097 

-2.0421 

(0.7054)** 

0.004** 

CURR*OCC  (p =0.034) 
CURR*DC  (p=0.013) 
AGE  (p <0.001) 

RACE  (p =0.015) 
DRKYR  (p=0.004) 
OCC*WINE  (p =0.027) 
IC*WINE  (p =0.033) 

5 

150.87** 

(290) 

143.59** 

(290) 

144.05** 

(284) 

0.102 

-2.1148 

(0.5949)** 

<0.001** 

CURR*OCC  (p =0.032) 
CURR*DC  (p =0.007) 
AGE  (p< 0.001) 

RACE  (p =0.013) 
DRKYR  (p =0.003) 
OCC*WINE  (p =0.030) 
IC*WINE  (p =0.028) 

6^ 

150.01** 

(289) 

143.42** 

(290) 

144.52** 

(284) 

0.099 

-1.7231 

(0.6417)** 

0.007** 

CURR*OCC  (p  =0.028) 
CURR*DC  (p =0.012) 
AGE  (p< 0.001) 

RACE  (p =0.013) 
DRKYR  (p  =0.003) 
OCC*WINE  (p  =0.036) 
IC*WINE  (p =0.026) 

^  Model  4:  Log2  (lipid-adjusted  current  dioxin  +  1). 

Model  5:  Log2  (whole-weight  current  dioxin  1). 

Model  6:  Log2  (whole-weight  current  dioxin  -I-  1),  adjusted  for  log2  total  lipids. 

**  Adjusted  for  log2  total  lipids. 

'  Adjusted  for  log2  total  lipids  in  addition  to  covariates  specified  under  "Covariate  Remarks"  column. 

**  Log2  (current  dioxin  -I-  l)-by-covariate  interactions  (p<0.05);  adjusted  mean,  adjusted  slope,  standard 
error,  and  p-value  derived  from  a  model  fitted  after  deletion  of  these  interactions;  refer  to  Appendix 
Table  1-2-34  for  further  analysis  of  these  interactions. 

Note:  Model  4:  Low  =  <  8.1  ppt;  Medium  =  >8.1-20.5  ppt;  High  =  >20.5  ppt. 

Models  5  and  6:  Low  =  <  46  ppq;  Medium  =  >46-128  ppq;  High  =  >  128  ppq. 
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The  adjusted  Model  1  results  were  similar  to  the  unadjusted  results.  The  adjusted 
analysis  revealed  a  marginally  significant  overall  group  contrast  (Table  13-47:  p =0.063)  but 
did  not  show  any  significant  contrasts  within  any  of  the  occupation  strata  (Table  13-47(b): 
p>0.18  for  all  stratified  group  contrasts).  The  final  model  contained  age,  race,  occupation, 
lifetime  alcohol  history,  current  wine  use,  and  degreasing  chemical  exposure. 

The  unadjusted  Model  2  results  did  not  reveal  a  significant  association  between  a-l 
antitrypsin  and  initial  dioxin  (Table  13-47(c):  p=0.267).  Initial  dioxin-by-industrial  chemical 
exposure  and  initial  dioxin-by-degreasing  chemical  exposure  were  significant  interactions  in 
the  adjusted  Model  2  analysis  (Table  13-47(d):  p=0.016  and  p=0.027  respectively). 
Appendix  Table  1-2-34  presents  adjusted  results  stratified  separately  by  industrial  chemical 
exposure  and  degreasing  chemical  exposure.  The  final  model  also  contained  age,  race, 
lifetime  alcohol  history,  and  two  significant  covariate-by-covariate  interactions:  occupation- 
by-current  wine  use  and  industrial  chemical  exposure-by-current  wine  use.  The  adjusted 
Model  2  analysis  did  not  show  a  significant  association  between  a-l  antitrypsin  and  current 
dioxin  when  the  two  initial  dioxin-by-current  dioxin  interactions  were  removed  from  the  final 
model  (Table  13-47(d):  p=0.920). 

The  unadjusted  Model  3  analysis  did  not  show  a  significant  difference  between  any  of 
the  Ranch  Hand  categories  and  the  Comparison  group  in  the  mean  levels  of  a-l  antitrypsin 
(Table  13-47(e):  p>0.24  for  all  contrasts).  After  adjusting  for  age,  race,  occupation, 
lifetime  alcohol  history,  current  wine  use,  and  degreasing  chemical  exposure,  the  mean  for 
the  background  Ranch  Hands  became  significantly  larger  than  the  mean  for  the  Comparison 
group  (Table  13-47(f):  150.72  mg/dl  vs.  146.42  mg/dl,  p=0.010).  All  other  contrasts  with 
the  Comparisons  remained  nonsignificant. 

When  occupation  was  removed  from  the  Model  3  analysis,  the  adjusted  results 
corresponded  to  the  unadjusted  results.  The  adjusted  Model  3  analysis  without  occupation 
did  not  show  the  Comparisons  to  be  significantly  different  from  any  of  the  Ranch  Hand 
categories  (Appendix  Table  I-3-34(b):  p>0.10  for  all  contrasts). 

The  unadjusted  analyses  for  Models  4  through  6  did  not  reveal  a  significant  association 
between  a-l  antitrypsin  and  current  dioxin  (Table  13-47(g):  p>0.25  for  all  analyses). 

Current  dioxin-by-occupation  and  current  dioxin-by-degreasing  chemical  exposure  were 
significant  covariates  in  each  of  the  adjusted  analyses  of  Models  4  through  6  (Table  13-47(h): 
p=0.034,  p=0.013;  p=0.032,  p=0.007;  and  p=0.028,  p=0.012  for  Models  4,  5,  and  6 
respectively).  Appendix  Table  1-2-34  presents  adjusted  results  stratified  separately  by 
occupation  and  degreasing  chemical  exposure  for  Models  4  through  6.  In  addition  to  the  two 
current  dioxin-by-co variate  interactions,  each  of  the  adjusted  analyses  for  Models  4  through  6 
also  contained  age,  race,  lifetime  alcohol  history,  and  two  significant  covariate-by-covariate 
interactions:  occupation-by-current  wine  use  and  industrial  chemical  exposure-by-current 
wine  use. 

After  removing  the  two  current  dioxin-by-covariate  interactions  from  the  final  models, 
each  of  the  adjusted  analyses  for  Models  4  through  6  uncovered  a  significant  inverse 
association  between  a-l  antitrypsin  and  current  dioxin  (Table  13-47(h):  p=0.0()4,  Adj. 
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Slope =-2.0421;  p<0.001,  Adj.  Slope=-2.1148;  and  p=0.007,  Adj.  Slope=-1.7231  for 
Models  4,  5,  and  6  respectively). 

In  the  followup  models  excluding  occupation,  the  adjusted  results  for  Models  4  and  6 
became  nonsignificant  (Appendix  Table  I-3-34(c):  p>0.25  for  both  analyses),  while  the 
adjusted  result  for  Model  5  became  marginally  significant  (Appendix  Table  I-3-34(c): 
p=0.060,  Adj.  Slope=-1.0583). 

or-1  Antitrypsin  (Discrete) 

The  unadjusted  and  adjusted  Model  1  analyses  did  not  reveal  a  significant  group 
difference  in  either  the  percentage  of  participants  with  low  a-l  antitrypsin  levels  or  the 
percentage  of  participants  with  high  a-1  antitrypsin  levels  (Table  13-48(a,b):  p>0.22  for  all 
contrasts).  The  final  adjusted  model  contained  age,  race,  occupation,  and  current  wine  use. 

Examination  of  the  unadjusted  Model  2  results  did  not  reveal  a  significant  association 
between  the  percentage  of  individuals  with  low  a-1  antitrypsin  levels  and  initial  dioxin  or 
between  the  percentage  of  individuals  with  high  a-1  antitrypsin  levels  and  current  dioxin 
(Table  13-48(c):  p>0.40  for  both  associations).  The  unadjusted  and  adjusted  results  were 
identical  because  no  co variates  were  retained  in  the  final  model. 

The  unadjusted  and  adjusted  Model  3  analyses  did  not  reveal  a  significant  difference 
between  any  of  the  Ranch  Hand  categories  and  the  Comparison  group  in  the  percentage  of 
individuals  with  low  a-1  antitrypsin  levels  or  in  the  percentage  of  participants  with  a-1  high 
antitrypsin  levels  (Table  13-48(e):  p>0.13  for  all  contrasts).  The  adjusted  analysis  for 
Model  3  contained  age,  race,  and  occupation. 

The  unadjusted  analyses  of  Models  4  through  6  did  not  reveal  a  significant  association 
between  the  percentage  of  individuals  with  low  a-1  antitrypsin  levels  and  current  dioxin 
(Table  13-48(g):  p>0.23  for  Models  4  through  6).  However,  the  unadjusted  analyses  for 
Models  4  and  5  detected  a  marginally  significant  association  between  the  percentage  of 
participants  with  high  a-1  antitrypsin  levels  and  current  dioxin  (Table  13-48(g):  p =0.082, 
Est.  RR=0.70,  95%  C.I.  =  [0.47,  1.05]  and  p =0.056,  Est.  RR=0.76,  95%  C.I.  =  [0.57, 
1.01]).  The  unadjusted  Model  6  analysis  did  not  reveal  a  significant  association  between  the 
percentage  of  participants  with  high  a-1  antitrypsin  levels  and  current  dioxin  (Table  13-48(g): 
p=0.390). 


The  adjusted  analyses  of  Models  4  through  6  generally  supported  the  findings  of  the 
unadjusted  analyses.  After  adjusting  for  degreasing  chemicals  in  Models  4  and  5,  the 
association  between  current  dioxin  and  low  a-1  antitrypsin  levels  remained  nonsignificant, 
while  the  association  with  high  a-1  antitrypsin  remained  marginally  significant  in  Model  4 
(Table  13-48(h):  p=0.054,  Adj.  RR=0.67,  95%  C.I.=[0.45,  1.01])  but  became  significant 
in  Model  5  (p=0.035,  Adj.  RR=0.74,  95%  C.I.=[0.55,  0.98]).  The  adjusted  analysis  for 
Model  6  paralleled  the  unadjusted  analysis  because  no  covariates  were  retained  in  the  final 
model. 
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a)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS  —  UNADJUSTED 
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Covariates  and  associated  p-values  correspond  to  final  model  based  on  all  participants  with  available  data. 
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e)  MODEL  3;  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  -  UNADWSTED  _ 

'  :H  Percent  Low  vs.  Normal  High  VS.  Normal 
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h)  MODELS  4,  5,  AND  6:  RANCH  HANDS  -  CURRENT  DIOXIN  -  ADJUSTED 


ct-1  Macroglobulin  (Continuous) 

The  unadjusted  and  adjusted  Model  1  analyses  did  not  reveal  a  significant  group 
difference  in  the  mean  levels  of  a-2  macroglobulin  (Table  13-49(a,b):  p>0.21  for  all 
contrasts).  The  final  model  contained  age,  race,  occupation,  lifetime  alcohol  history,  and 
current  alcohol  use. 

Examination  of  the  unadjusted  Model  2  results  did  not  show  a  significant  association 
between  q;-2  macroglobulin  and  initial  dioxin  (Table  13-49(c):  p =0.784).  The  adjusted 
Model  2  analysis  contained  a  significant  interaction  between  initial  dioxin  and  age  (Table  13- 
49(d):  p=0.033).  Race,  lifetime  alcohol  history,  and  current  alcohol  use  also  were 
significant  covariates  in  the  final  model.  Appendix  Table  1-2-35  presents  adjusted  results 
stratified  by  age.  When  the  initial  dioxin-by-age  interaction  was  removed  from  the  final 
model,  the  adjusted  Model  2  analysis  did  not  reveal  a  significant  association  between  a:-2 
macroglobulin  and  initial  dioxin  (Table  13-49(d):  p =0.165). 

The  unadjusted  Model  3  results  did  not  reveal  a  significant  difference  between  any  of 
the  Ranch  Hand  categories  and  the  Comparison  group  in  the  mean  levels  of  a-2 
macroglobulin  (Table  13-49(e):  p>0.17  for  all  analyses). 

After  covariate  adjustment,  the  mean  a-2  macroglobulin  became  marginally  lower  in  the 
low  plus  high  Ranch  Hand  category  relative  to  the  Comparison  group  (Table  13-49(f): 
p=0.078,  127.32  mg/dl  vs.  129.92  mg/dl).  All  other  contrasts  involving  Comparisons 
remained  nonsignificant.  The  fihal  model  contained  age,  race,  occupation,  lifetime  alcohol 
history,  and  current  alcohol  use. 

Without  occupation  in  the  final  model,  the  adjusted  results  for  Model  3  changed 
slightly.  After  removing  occupation,  the  adjusted  Model  3  analysis  did  not  show  any  of  the 
Ranch  Hand  categories  to  be  significantly  different  from  the  Comparison  group  (Appendix 
Table  I-3-36(a):  p>0.12  for  all  contrasts). 

Each  of  the  unadjusted  analyses  for  Models  4  through  6  uncovered  a  significant  inverse 
association  between  a-2  macroglobulin  and  current  dioxin  (Table  13-49(g):  p=0.029,  Est. 
Slope=-0.0111;  p=0.046,  Est.  Slope=-0.0087;  andp=0.018,  Est.  Slope=-0.0111  for 
Models  4,  5,  and  6  respectively). 

After  covariate  adjustment,  the  adjusted  results  supported  the  unadjusted  findings.  Each 
of  the  adjusted  analyses  detected  a  significant  inverse  association  between  a-2  macroglobulin 
and  current  dioxin  (Table  13-49(h):  p=0.006,  Adj.  Slope=-0.0155;  p=0.008,  Adj.  Slope= 
-0.0126;  and  p=0.007,  Adj.  Slope=-0.0139  for  Models  4,  5,  and  6  respectively).  All  of  the 
adjusted  analyses  for  Models  4  through  6  contained  age,  race,  occupation,  lifetime  alcohol 
history,  and  current  alcohol  use. 

Removing  occupation  from  the  analyses  of  Models  4  through  6  produced  markedly 
different  adjusted  results  for  these  three  models.  Without  occupation,  the  association 
between  macroglobulin  and  current  dioxin  became  nonsignificant  for  each  model  (Appendix 
Table  I-3-36(b):  p>0.47  for  each  analysis). 
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Table  13-49. 

Analysis  of  a-2  Macroglobulin  (mg/dl) 
(Continuous) 


Occupational 

Cat(^oiy 


a)  MODEL  1;  RANCH  HANDS  VS.  COMPARISONS  -  UNADJUSTED _ 

Difference  of  Meam 

Group  n  Mean®  (95%  C.!.)**  p-Value^ 


All 

Ranch  Hand 

939 

133.35 

-0.65- 

0.607 

Comparison 

1,253 

134.00 

Officer 

Ranch  Hand 

361 

132.08 

-1.02- 

0.609 

Comparison 

495 

133.10 

Enlisted  Flyer 

Ranch  Hand 

162 

135.74 

-3.32  - 

0.276 

Comparison 

196 

139.06 

Enlisted  Groundcrew 

Ranch  Hand 

416 

133.53 

0.47  - 

0.803 

Comparison 

562 

133.06 

b)  MODEL  1:  RANCH  HANDS  vs. 

COMPARISbNS  ^ 

ADJUSTED 

Occupational 

Category 

Group 

n 

Adj. 

Mean® 

Diff^ence  of  Adj. : ; 
Means  (95%  C.t)'’ 

p-Value*^ 

bovariate  Remarks'* 

All 

Ranch  Hand 

917 

128.91 

-0.84  - 

0.476 

AGE  (p  <0.001) 

Comparison 

1,232 

129.75 

RACE  (p <0.001) 

OCC  (p  <0.001) 

Officer 

Ranch  Hand 

357 

123.85 

-1.17  - 

0.518 

DRKYR  (p=0.054) 

Comparison 

487 

125.02 

ALC  (p  =0.020) 

Enlisted  Flyer 

Ranch  Hand 

156 

129.05 

-3.63  - 

0.216 

Comparison 

195 

132.68 

Enlisted 

Ranch  Hand 

404 

133.00 

0.53  - 

0.770 

Groundcrew 

Comparison 

550 

VhlAl 

®  Transformed  from  natural  logarithm  scale. 

Difference  of  means  after  transformation  to  original  scale;  confidence  interval  on  difference  of  means  not 
presented  because  analysis  was  performed  on  natural  logarithm  scale. 

'  P-values  based  on  difference  of  means  on  natural  logarithm  scale. 

**  Covariates  and  associated  p-values  correspond  to  final  model  based  on  all  participants  with  available  data. 
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Table  13-49.  (Continued) 
Analysis  of  a-2  Macroglobulin  (mg/dl) 
(Continuous) 


c)  MODEL  2:  RANCH  HANDS  -  INTIIAL  DIOXIN  —  UNADJUSTED 


Inhial  Dioxin  Summary  Statistics 

Analysis  Results  For  l^g2  (Initial  Diox^ 

Initiai  Dioxin 

n 

Mean^ 

Adj. 

Meah^ 

R* 

Slope 

(Std.  Error)' 

p-¥alue 

Low 

173 

131.43 

130.79 

0.051 

-0.0020  (0.0073) 

0.784 

Medium 

170 

133.23 

133.30 

High 

172 

131.43 

132.01 

d)  MODEL  2:  RANCH  HANDS  —  INITIAL  DIOXIN  —  ADJUSTED 


Initial  Dioxin  Category  Summary 
Statistics 


Analysis  Results  for  Log^  (Initial  Dioxin)*^ 


Initial  Dioxin 

n 

Adj. 

M«m^ 

r2 

Low 

170 

122.50** 

0.150 

Medium 

165 

126.72** 

High 

167 

129.34** 

Adj.  Slope 
(Std.  Error)'  p-Value 


0.0105(0.0075)**  0.165**  INIT*AGE  (p =0.033) 

RACE  (p =0.003) 
DRKYR  (p =0.031) 
ALC  (p=0.018) 


®  Transformed  from  natural  logarithm  scale. 

Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 

^  Slope  and  standard  error  based  on  natural  logarithm  of  a-2  macroglobulin  versus  log2  (initial  dioxin). 

**  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  imder  "Covariate  Remarks"  column. 

**  Log2  (initial  dioxin)-by-covariate  interaction  (0.01  <p<0.05);  adjusted  mean,  adjusted  slope,  standard 
error,  and  p-value  derived  from  a  model  fitted  after  deletion  of  this  interaction;  refer  to  Appendix 
Table  1-2-35  for  further  analysis  of  this  interaction. 

Note:  Low  =  39-98  ppt;  Medium  =  >98-232  ppt;  High  =  >232  ppt. 
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Table  13-49.  (Continued) 
Analysis  of  a-2  Macroglobulin  (mg/dl) 
(Continuous) 


e)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  — 

UNADJUSTED 

IMoxin  Category 

n 

Mean® 

Adj, 

Mean®^ 

Difference  of  Adj. 

Mean  vs.  Comp^sons 
■  ;-(95%X.I.)' 

:  p-Value^ 

Comparison 

1,043 

134.23 

134.27 

Background  RH 

369 

134.46 

134.15 

-0.12  ~ 

0.944 

Low  RH 

257 

132.86 

132.47 

-1.80  - 

0.368 

High  RH 

258 

131.19 

131.85 

-2.42  - 

0.226 

Low  plus  High  RH 

515 

132.02 

132.16 

-2.11  - 

0.173 

f)  MODEL  3;  RANCH  HAM)S  AND  COMPARISONS  BY  DIOXIN  CATEGCMtY  -  ADJUSTED 

Difference  of  Adj. 

Adj.  Mean  vs.  Comparisons 


Dioxin  Gat^ory 

n 

Mean^ 

(95%  CJ.)' 

p-Value^ 

Covariate  Remarks 

Comparison 

1,025 

129.92 

AGE  (p  <0.001) 

RACE  (p  <0.001) 

Background  RH 

362 

130.31 

0.39  - 

0.819 

OCC  (p  <0.001) 
DRKYR  (p  =0.078) 

Low  RH 

251 

126.98 

-2.95  - 

0.118 

ALC  (p  =0.003) 

High  RH 

251 

127.67 

-2.25  - 

0.249 

Low  plus  High  RH 

502 

127.32 

-2.60  - 

0.078 

“  Transformed  from  natural  logarithm  scale. 

*’  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 

Difference  of  adjusted  means  after  transformation  to  original  scale;  confidence  interval  on  difference  of 
adjusted  means  not  presented  because  analysis  was  performed  on  natural  logarithm  scale. 

**  P-value  is  based  on  difference  of  means  on  natural  logarithm  scale. 

®  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  "Covariate  Remarks"  column. 

Note:  RH  =  Ranch  Hand. 

Comparison:  Current  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  Current  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  Current  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  143  ppt. 

High  (Ranch  Hand):  Current  Dioxin  >  10  ppt.  Initial  Dioxin  >  143  ppt. 
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Table  13-49.  (Continued) 
Analysis  of  a-2  Macroglobulin  (mg/dl) 
(Continuous) 


g)  MODELS  4,  5,  AND  6;  RANCH  HANDS  —  CmRENT  DIOXIN  -^  IMAD^ 


Model’’ 

Low 

Current  Dioxin  Category 
Mean^y(n) 

Medium 

High 

R* 

Analysis  Results  for  Logj 
(Current  Dioxin  +  1) 

Slope 

(Std.  Error)*’  p-Value 

4 

134.97 

133.02 

131.18 

0.005 

-0.0111 

0.029 

(290) 

(298) 

(296) 

(0.0051) 

5 

135.18 

131.91 

132.04 

0.005 

-0.0087 

0.046 

(294) 

(297) 

(293) 

(0.0043) 

6'’ 

135.74 

131.99 

131.22 

0.008 

-0.0111 

0.018 

(293) 

(297) 

(293) 

(0.0047) 

fa)  MODELS  4,  5,  AND  6:  RANCH  HANDS  —  CURRENT  DIOXEV  —  ADJUSTED 


Model^ 

Cuirent  Dioxin  Category 
Adjusted  Mean^/(n) 

Low  Medium  High 

Analysis  Results  for  Logj 
(Current  Dioxin  -b  1) 

Adj.  Slope 

(Std.  Error)'*  p-Yalue  Covariate  Remarks 

4 

131.92 

(287) 

127.16 

(290) 

125.82 

(287) 

0.115 

-0.0155 

(0.0056) 

0.006 

AGE  (p< 0.001) 

RACE  (p=0.006) 

OCC  (p <0.001) 
DRKYR  (p=0.016) 

ALC  (p=0.039) 

5 

132.13 

(290) 

126.31 

(290) 

126.83 

(284) 

0.114 

-0.0126 

(0.0047) 

0.008 

AGE  (p <0.001) 

RACE  (p=0.006) 

OCC  (p<0.001) 
DRKYR  (p=0.017) 

ALC  (p=0.043) 

6' 

132.51 

(289) 

126.48 

(290) 

126.43 

(284) 

0.114 

-0.0139 

(0.0051) 

0.007 

AGE  (p <0.001) 

RACE  (p=0.008) 

OCC  (p <0.001) 
DRKYR  (p=0.017) 

ALC  (p  =0.033) 

®  Transformed  from  natural  logarithm  scale. 

Model  4:  Logj  (lipid-adjusted  current  dioxin  +  1). 

Model  5:  Log2  (whole-weight  current  dioxin  +  1). 

Model  6:  Log2  (whole-weight  current  dioxin  +  1),  adjusted  for  log2  total  lipids. 

Slope  and  standard  error  based  on  natural  logarithm  of  a-2  macroglobulin  versus  log2  (current  dioxin  +  1). 
**  Adjusted  for  log2  total  lipids. 

®  Adjusted  for  log2  total  lipids  in  addition  to  covariates  specified  under  "Covariate  Remarks"  column. 

Note:  Model  4:  Low  =  <  8.1  ppt;  Medium  =  >8.1-20.5  ppt;  High  =  >20.5  ppt. 

Models  5  and  6:  Low  =  <  46  ppq;  Medium  =  >46-128  ppq;  High  =  >  128  ppq. 
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a-2  Macroglobulin  (Discrete) 

The  unadjusted  and  adjusted  Model  1  analyses  did  not  reveal  a  significant  group 
difference  in  the  percentage  of  participants  with  high  a-1  macroglobulin  levels  (Table  13- 
50(a,b):  p>0.42  for  all  contrasts).  Age,  occupation,  and  degreasing  chemical  exposure  were 
significant  covariates  in  the  adjusted  Model  1  analysis. 

The  unadjusted  Model  2  results  did  not  reveal  a  significant  association  between  q!-2 
macroglobulin  and  current  dioxin  (Table  13-50(c):  p=0.508).  The  unadjusted  and  adjusted 
results  were  identical  because  no  co variates  were  retained  in  the  final  model. 

The  unadjusted  and  adjusted  Model  3  analyses  did  not  show  a  significant  group 
difference  between  any  of  the  Ranch  Hand  categories  and  the  Comparison  group  in  the 
percentage  of  individuals  with  high  a-1  macroglobulin  levels  (Table  13-50(e,f):  p>0.46  for 
all  contrasts).  The  adjusted  Model  3  analysis  retained  age,  occupation,  degreasing  chemical 
exposure,  and  current  alcohol  use  in  the  final  model. 

The  unadjusted  and  adjusted  analyses  for  Models  4  through  6  did  not  reveal  a  significant 
association  between  o;-2  macroglobulin  and  current  dioxin  (Table  13-50(g,h):  p>0.62  for 
all  analyses).  No  covariates  were  retained  in  any  of  the  adjusted  analyses  for  Models  4 
through  6. 

Apolipoprotein  B  (Continuous) 

The  unadjusted  and  adjusted  Model  1  analyses  did  not  reveal  a  significant  group 
difference  in  the  mean  levels  of  apolipoprotein  B  (Table  13-51(a,b):  p  >0.12  for  all 
contrasts).  The  adjusted  Model  1  analysis  contained  current  alcohol  use  and  two  interactions: 
age-by-lifetime  alcohol  history  and  race-by-occupation. 

Examination  of  the  unadjusted  Model  2  results  did  not  show  a  significant  association 
between  apolipoprotein  B  and  initial  dioxin  (Table  13-5 1(c):  p =0.1 12).  Initial  dioxin-by-age 
was  a  significant  interaction  in  the  adjusted  analysis  of  Model  2  (Table  13-51(d):  p=0.038). 
Appendix  Table  1-2-36  presents  adjusted  results  stratified  by  age.  In  contrast  to  the 
unadjusted  analysis,  the  adjusted  Model  2  analysis  detected  a  significant  positive  association 
between  apolipoprotein  B  and  initial  dioxin  when  the  initial  dioxin-by-age  interaction  was 
removed  from  the  final  model  (Table  13-51(d):  p=0.018,  Adj.  Slope =0.0202). 

The  unadjusted  and  adjusted  Model  3  analyses  did  not  reveal  a  significant  difference 
between  any  of  the  Ranch  Hand  categories  and  the  Comparison  group  in  the  mean  levels  of 
apolipoprotein  B  (Table  13-51(e,f):  p>0.11  for  all  contrasts).  The  adjusted  Model  3 
analysis  contained  current  alcohol  use,  degreasing  chemical  exposure,  and  two  interactions: 
race-by-occupation  and  age-by-lifetime  alcohol  history. 

The  unadjusted  analyses  for  Models  4  and  5  revealed  a  significant  positive  association 
between  apolipoprotein  B  and  current  dioxin  (Table  13-51(g):  p=0.016,  Est.  Slope=0.0138 
and  p<  0.001,  Est.  Slope =0.0244  for  Models  4  and  5  respectively).  The  unadjusted  Model 
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Table  13-50. 

Analysis  of  a-2  Macroglobulin 
(Discrete) 


a)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS  —  UNADJUSTED 

Occupational  Category 

Group 

n 

Percent 

High 

Est.  Rdative  Risk 
(95%  C.I.) 

p-Value 

All 

Ranch  Hand 

939 

0.4 

0.89  (0.25,3.16) 

0.999 

Comparison 

1,253 

0.5 

Officer 

Ranch  Hand 

361 

0.0 

— 

— 

Comparison 

495 

0.4 

Enlisted  Flyer 

Ranch  Hand 

162 

0.6 

0.60  (0.05,6.71) 

0.999 

Comparison 

196 

1.0 

Enlisted  Groundcrew 

Ranch  Hand 

416 

0.7 

2.03  (0.34,12.23) 

0.735 

Comparison 

562 

0.4 

b)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS  - 

-ADJUSTED 

Adj.  Rdative  Risk 

Occupational  Category  (95%  C.l.)  p-Value 

Covariate  Remarks^ 

All 

0.96  (0.26,3.55) 

0.952 

AGE  (p<0.001) 

Officer 

~ 

~ 

OCC  (p=0.011) 

DC  (p=0.013) 

Enlisted  Flyer 

0.86  (0.07,10.63) 

0.906 

Enlisted  Groundcrew 

2.18  (0.32,14.70) 

0.424 

®  Covariates  and  associated  p-values  correspond  to  final  model  based  on  all  participants  with  available  data. 

Adjusted  relative  risk,  confidence  interval,  and  p-value  not  presented  due  to  the  sparse  number  of 
abnormalities. 
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Table  13-50.  (Continued) 
Analysis  of  a-2  Macroglobulin 
(Discrete) 


c)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  -  UNADJUSTED 


Initial  Dioxin  Category  Summary  Statistics 

Analysis  Results  for  Log^  (biitial  Dioxin)® 

lUtial  Dioxin 

n 

Percent 

High 

Estimated  Rdative  Risk 
(95%  C.L)^ 

p-Value 

Low 

173 

0.0 

1.38  (0.53,3.59) 

0.508 

Medium 

170 

0.6 

High 

172 

0.6 

d)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  -  ADJUSTED 
Analysis  lUsults  for  Lo^  iH*ndai  l^^ 

n  Adj.  Relative  Risk  (95%  GJ.)”  Covariate  Remarks 

515 _ 1.38  (0.53,3.59) _ 0l5O8 _ _ 

^  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 

^  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 

Note;  Low  =  39-98  ppt;  Medium  =  >98-232  ppt;  High  =  >232  ppt. 
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Table  13-50.  (Continued) 
Analysis  of  a-2  Macroglobulin 
(Discrete) 


«)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY 

-UNADJUSTED 

Dioxin  Category 

n 

Percent 

High 

Est.  Relative  Risk 
(95%  C.!.)** 

p- Value 

Comparison 

1,043 

0.6 

Background  RH 

369 

0.3 

0.51  (0.06,4.36) 

0.542 

Low  RH 

257 

0.0 

- 

— 

HighRH 

258 

0.8 

1.11  (0.21,5.88) 

0.905 

Low  plus  High  RH 

515 

0.4 

0.55  (0.11,2.86) 

0.479 

f)  MODEL  3: 

RANCH  HANDS  AND  COMPARISONS  BY  DIOSN  CATEGORY  -  ADJUSTED 

Adj.  Relative  Risk 

Dioxin  Cat^ory 

.  -n 

(9S%C.L)“^ 

p-Value 

Covariate  Roarks 

Comparison 

1,027 

AGE  (p=0.006) 

OCC(p =0.133) 

Background  RH 

367 

0.50  (0.05,4.72) 

0.546 

DC  (p =0.022) 

LowRH 

254 

— 

— 

ALC(p =0.108) 

HighRH 

254 

1.13  (0.20,6.35) 

0.890 

Low  plus  High  RH 

508 

0.53  (0.10,2.85) 

0.462 

^  Relative  risk  and  confidence  interval  relative  to  Comparisons. 

Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  toe  of  the  blood  draw  for  dioxin. 

Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  "Covariate  Remarks"  column. 

Adjusted  relative  risk,  confidence  interval,  and  p-value  not  presented  due  to  the  sparse  number  of 
abnormalities. 

Note:  RH  =  Ranch  Hand. 

Comparison:  Current  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  Current  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  Current  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  143  ppt. 

High  (Ranch  Hand):  Current  Dioxin  >  10  ppt.  Initial  Dioxin  >  143  ppt. 
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Table  13-50.  (Continued) 
Analysis  of  a.-l  Macroglobulin 
(Discrete) 


g)  MODELS  4,  5,  AND  6:  RANCH  HANDS  CURRENT  DIOXIN  -  IJN^^ 

Gurrent  Dioxin  Category 

V  Analysis  Results  for  Lt^j 

Percent  High/(n) 

Dioxin  -1-  I) 

Es(.  Rdative  l^sk 

Model* 

Low 

Medium 

High 

(95%  C.!.)**  p-V^ue 

4 

0.3 

0.0 

0.7 

1.18  (0.56,2.46)  0.668 

(290) 

(298) 

(296) 

5 

0.3 

0.0 

0.7 

1.18  (0.61,2.28)  0.623 

(294) 

(297) 

(293) 

6= 

0.3 

0.0 

0.7 

1.11  (0.55,2.27)  0.771 

(293) 

(297) 

(293) 

b)  MODELS  4,  5,  AND  6;  RANCH  HANDS  — 

CURRENT  DIOXIN -^  ADJ^ 

Analysis  Results  for  Log2  (Current  Dioxin  4-1) 

Adj.  Relative  Risk 

Model* 

n 

(95%C.L)*’ 

p- Value 

Cpvariate  Remarks 

4 

884 

1.18  (0.56,2.46) 

0.668 

5 

884 

1.18  (0.61,2.28) 

0.623 

• 

6= 

883 

1.11  (0.55,2.27) 

0.771 

®  Model  4:  Log2  (lipid-adjusted  current  dioxin  -I-  1). 

Model  5:  Log2  (whole-weight  current  dioxin  -1-1). 

Model  6:  Log2  (whole-weight  current  dioxin  -1-  1),  adjusted  for  log2  total  lipids. 

**  Relative  risk  for  a  twofold  increase  in  current  dioxin. 

Adjusted  for  log2  total  lipids. 

Note:  Model  4:  Low  =  <  8.1  ppt;  Medium  =  >8.1-20.5  ppt;  High  =  >20.5  ppt. 

Models  5  and  6:  Low  =  <  46  ppq;  Medium  =  >46-128  ppq;  High  =  >128  ppq. 
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Table  13-51. 

Analysis  of  Apolipoprotein  B  (mg/dl) 
(Continuous) 


_  a)  MODEL  1;  RANCH  HAM)S  VS.  COMPARISONS  —  UNADJUSTED 

Occupadonal  Difference  of  Means 


Cat^ory 

Group 

u 

,  Mean^ 

(95%  C.I.)’’ 

p-Value‘ 

All 

Ranch  Hand 

939 

147.55 

-0.22  - 

0.888 

Comparison 

1,253 

147.77 

Officer 

Ranch  Hand 

361 

144.35 

-0.02  ~ 

0.993 

Comparison 

495 

144.37 

Enlisted  Flyer 

Ranch  Hand 

162 

151.04 

-5.50  ~ 

0.137 

Comparison 

196 

156.55 

Enlisted  Groundcrew 

Ranch  Hand 

416 

149.02 

1.20- 

0.621 

Comparison 

562 

147.82 

b)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS  —  ADJUSTED 

Occupational 

Cat^oiy 

Group 

n 

Adj. 

Mean^ 

JMfference  of  Adj. 
Means  (95%  C.I.)*’ 

p-Value*^ 

Covariate  R^arks^ 

All 

Ranch  Hand 

917 

151.01 

-0.65  - 

0.685 

ALC  (p=0.143) 

Comparison 

1,232 

151.66 

AGE*DRKYR  (p =0.044) 

Officer 

Ranch  Hand 

357 

154.09 

-0.22  - 

0.934 

RACE*OCC  (p=0.027) 

Comparison 

487 

154.31 

Enlisted  Flyer 

Ranch  Hand 

156 

149.06 

-6.17  - 

0.120 

Comparison 

195 

155.23 

Enlisted 

Ranch  Hand 

404 

147.92 

0.97  ~ 

0.678 

Groundcrew 

Comparison 

550 

146.95 

^  Transformed  from  natural  logarithm  scale. 

^  Difference  of  means  after  transformation  to  original  scale;  confidence  interval  on  difference  of  means  not 
presented  because  analysis  was  performed  on  natural  logarithm  scale. 

^  P“Values  based  on  difference  of  means  on  natural  logarithm  scale. 

^  Covariates  and  associated  p-values  correspond  to  final  model  based  on  all  participants  with  available  data. 
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Table  13-51.  (Continued) 
Analysis  of  Apolipoprotein  B  (mg/dl) 
(Continuous) 


c)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOIHN  —  UNADJUSTED 


Initial  Dioxin  Cat^ory  Summary  Statistics 

Analysis  Results  for  Logj  (biitial  Dioxin)** 

Initial  Dioxin 

n 

Mean* 

Adj. 

Mean*^ 

R* 

; ;  ;  Slope 
(Std.  Error)' 

p-Value 

Low 

173 

147.71 

147.70 

0.005 

0.0130  (0.0082) 

0.112 

Medium 

170 

147.44 

147.44 

High 

172 

151.73 

151.75 

d)  MODEL  2;  RANCH  HANDS  —  INITIAX  DIOXIN  --  ADJUSTED 


Initial  Dioxin  Category  Summary 

:  ;Statistics.:;/::vL.:':;J^^^ 

Adj. 

Initial  Dioxin  n  Mean*^ 

Analysis  Results  for  Log^  (In 

:::s:;S£(Std::iErn)r)'::::?®^^^^ 

itial  Dioxin)** 

i  Govariate  Remarks 

Low 

173 

146.25** 

0.028 

0.0202  (0.0085)**  0.018** 

INIT*AGE  (p =0.038) 

Medium 

170 

147.10** 

High 

172 

153.62** 

^  Transformed  from  natural  logarithm  scale. 

^  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 

^  Slope  and  standard  error  based  on  natural  logarithm  of  apolipoprotein  B  versus  log2  (initial  dioxin). 

^  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  "Covariate  Remarks"  column. 

**  Log2  (initial  dioxinj-by-covariate  interaction  (0.01  <p  <0.05);  adjusted  mean,  adjusted  slope,  standard 
error,  and  p-value  derived  from  a  model  fitted  after  deletion  of  this  interaction;  refer  to  Appendix 
Table  I-2-36  for  further  analysis  of  this  interaction. 

Note:  Low  =  39-98  ppt;  Medium  =  >98-232  ppt;  High  —  >232  ppt. 
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Table  13-51.  (Continued) 
Analysis  of  Apolipoprotein  B  (mg/dl) 
(Continuous) 


e)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  - 

-UNADJUSTED 

Dioxin  Category 

n 

Mean® 

Adj. 

Mean®^ 

IMfference  of  Adj. 
Mean  V5.  Comparisons 
(95%C.I.)' 

p-Value^ 

Comparison 

1,043 

147.58 

147.56 

Background  RH 

369 

144.89 

145.06 

-2.50  ~ 

0.246 

LowRH 

257 

146.14 

146.21 

-1.35  ~ 

0.585 

HighRH 

258 

151.81 

151.54 

3.97  - 

0.115 

Low  plus  High  RH 

515 

148.95 

148.85 

1.29  - 

0.505 

0  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  —  ADJUSTED 

Diff»’ence  of  Adj. 

Adj.  Mean  vs.  Comitansons 


Dio}dn  Category 

n 

Mean®® 

(95%C.I.)® 

p-Value** 

Covariate  Remaiits 

Comparison 

1,025 

152.03 

ALC  (p=0.041) 

DC  (p  =0.1 17) 

Background  RH 

362 

150.68 

-1.34  ~ 

0.556 

RACE*OCC  (p=0.023) 

LowRH 

251 

149.75 

-2.27  ~ 

0.373 

AGE*DRKYR  (p=0.049) 

HighRH 

251 

154.41 

2.38  - 

0.374 

Low  plus  High  RH 

502 

152.06 

0.04  - 

0.986 

®  Transformed  from  natural  logarithm  scale. 

**  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 

Difference  of  adjusted  means  after  transformation  to  original  scale;  confidence  interval  on  difference  of 
adjusted  means  not  presented  because  analysis  was  performed  on  natural  logarithm  scale. 

^  P-value  is  based  on  difference  of  means  on  natural  logarithm  scale. 

®  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  "Covariate  Remarks"  column 

Note:  RH  =  Ranch  Hand. 

Comparison:  Current  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  Current  Dioxin  <10  ppt. 

Low  (Ranch  Hand):  Current  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  143  ppt. 

High  (Ranch  Hand):  Current  Dioxin  >  10  ppt.  Initial  Dioxin  >  143  ppt. 


13-259 


Table  13-51.  (Continued) 
Analysis  of  Apolipoprotein  B  (mg/dl) 
(Continuous) 


! 

S)  MODELS  4,  5, 

AISOD  6:  RANCH  HANDS  -  CURRENT  DIOXIN  -  UNADJUSTED 

Current  Dioxin  Category 

Analysis  Results  for  Log2 

Mean^y(n) 

(Current  Dioxin  +  1) 

Slope 

Modesi*’ 

Low 

Medium 

High 

(Std.  Error)'^  p-Value 

4 

144.54 

146.30 

150.92 

0.007 

0.0138  0.016 

(290) 

(298) 

(296) 

(0.0057) 

5 

140.51 

148.04 

153.47 

0.028 

0.0244  <0.001 

(294) 

(297) 

(293) 

(0.0048) 

6“ 

148.04 

148.80 

144.84 

0.271 

-0.0022  0.624 

(293) 

(297) 

(293) 

(0.0045) 

h)  MODELS  4,  5,  AM)  6:  RANCH  HANDS 


CURRENT  DIOXIN  -  ADJUSTED 


Current  Dioxin  Category 
Adjusted  MeanV(n) 

Analyds  Results  for  Log^ 

/  (Current  Dioxin  +  1) 

Modd” 

Low 

Medium 

High 

R^ 

Auj.  Slope 

(Std.  Error)‘= 

p-Vklue 

Covariate  Remarks 

4 

144.27 

(290) 

144.81 

(298) 

149.92 

(296) 

0.019 

0.0132 

(0.0059) 

0.026 

AGE  (p=0.018) 

DC  (p =0.011) 

5 

140.13** 

(294) 

146.83** 

(297) 

152.78** 

(293) 

0.046 

0.0246 

(0.0050)** 

<0.001** 

CURR*AGE  (p=0.017) 
DC  (p =0.059) 

6' 

147.53 

(289) 

148.09 

(290) 

143.76 

(284) 

0.280 

-0.0026 

(0.0048) 

0.581 

AGE  (p =0.1 17) 
DRKYR  (p =0.077) 

DC  (p =0.059) 

®  Transformed  from  namral  logarithm  scale. 

^  Model  4:  Log2  (lipid-adjusted  current  dioxin  +  1). 

Model  5:  Log2  (whole-weight  current  dioxin  -1-1). 

Model  6:  Log2  (whole-weight  current  dioxin  -I-  1),  adjusted  for  log2  total  lipids. 

Slope  and  standard  error  based  on  natural  logarithm  of  apoliprotein  B  versus  log2  (current  dioxin  -t-  1). 

**  Adjusted  for  log2  total  lipids. 

®  Adjusted  for  log2  total  lipids  in  addition  to  covariates  specified  under  "Covariate  Remarks"  column. 

**  Log2  (current  dioxin  -I-  l)-by-covariate  interaction  (0.01  <p ^0.05);  adjusted  mean,  adjusted  slope,  standard 
error,  and  p-value  derived  from  a  model  fitted  after  deletion  of  this  interaction;  refer  to  Appendix 
Table  1-2-36  for  further  analysis  of  this  interaction. 

Note:  Model  4:  Low  =  <  8.1  ppt;  Medium  =  >8.1-20.5  ppt;  High  =  >20.5  ppt. 

Models  5  and  6:  Low  =  <  46  ppq;  Medium  =  >46-128  ppq;  High  =  >128  ppq. 
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6  analysis  did  not  show  a  significant  association  (Table  13-51(g):  p=0.624).  The 
nonsignificant  association  in  Model  6  resulted  from  the  high  correlation  between  log  lipids 
and  apolipoprotein  B,  which  can  be  inferred  from  the  difference  between  the  R-squares  in 
Models  5  and  6.  The  R-square  jumped  from  0.028  in  Model  5  to  0.271  in  Model  6,  the  only 

difference  in  the  two  models  being  ±e  inclusion  of  log  lipids  as  a  forced  adjusting  covariate 
in  Model  6. 

The  adjusted  results  for  Models  4  through  6  paralleled  the  unadjusted  results.  After 
adjusting  for  age  and  degreasing  chemical  exposure,  the  Model  4  analysis  found  a  significant 
positive  association  between  apolipoprotein  B  and  current  dioxin  (Table  13-51(h):  p=0.026, 
Adj.  Slope=0.0132).  Current  dioxin  by  age  was  a  significant  interaction  in  the  adjusted 
Model  5  analysis  (Table  13-51(h):  p< 0.017).  Degreasing  chemical  exposure  also  was 
significant  in  the  Model  5  analysis.  Appendix  Table  1-2-36  presents  adjusted  results  stratified 
by  age  for  Model  5.  When  the  current  dioxin-by-age  interaction  was  removed  from  Model 
5,  the  adjusted  analysis  found  a  significant  positive  association  between  apolipjoprotein  B  and 
current  dioxin  (Table  13-51(h):  p<0.001,  Adj.  Slope =0.0246).  After  adjusting  for  age, 
lifetime  alcohol  history,  and  degreasing  chemical  exposure,  the  adjusted  Model  6  analysis  did 
not  disclose  a  significant  association  between  apolipoprotein  B  and  current  dioxin  (Table 
13-51(h):  p=0.581). 

Apolipoprotein  B  (Discrete) 

The  unadjusted  and  adjusted  Model  1  analyses  did  not  find  a  significant  group 
difference  in  the  percentage  of  individuals  having  high  apolipoprotein  B  levels  (Table 
f3-52(a,b):  p>0.26  for  all  contrasts).  The  adjusted  Model  1  analysis  contained  two 
interactions:  age-by-lifetime  alcohol  history  and  occupation-by-race. 

The  unadjusted  Model  2  results  did  not  show  a  significant  association  between 
apolipoprotein  B  and  initial  dioxin  (Table  13-52(c):  p=0.310).  Initial  dioxin-by-age  was  a 
significant  interaction  in  the  adjusted  Model  2  analysis  (Table  13-52(d):  p=0.024). 

Appendix  Table  1-2-37  presents  adjusted  results  stratified  by  age.  In  addition  to  the  initial 
dioxin-by-age  interaction,  the  final  model  also  included  occupation  and  degreasing  chemical 
exposure.  The  adjusted  Model  2  analysis  did  not  detect  a  significant  association  between 
apolipoprotein  B  and  initial  dioxin  when  the  initial  dioxin-by-age  interaction  was  removed 
from  the  final  model  (Table  13-52(d):  p=0.605). 

Examination  of  the  unadjusted  Model  3  results  revealed  a  marginally  significant 
difference  between  the  high  Ranch  Hands  and  the  Comparison  group  in  the  percentage  of 
individuals  with  high  apolipoprotein  B  levels  (Table  13-52(e):  p=0.058,  Est.  RR=1.37,  95% 
C.I.  =  [0.99,  1.90]).  The  percentage  of  apolipoprotein  B  abnormalities  was  higher  for  the 
high  Ranch  Hands  than  for  the  Comparisons  (77.9%  vs.  71.8%).  All  other  contrasts 
involving  the  Comparisons  were  nonsignificant. 

After  adjusting  for  covariates  in  the  Model  3  analysis,  the  contrast  between  the  high 
Ranch  Hmds  and  Comparisons  became  nonsignificant  (Table  13-52(f):  p=0.141).  All  other 
contrasts  involving  the  Comparisons  remained  nonsignificant  in  the  adjusted  analysis.  The 
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Table  13-52. 

Analysis  of  Apolipoprotein  B 
(Discrete) 


a)  MODEL  1;  RANCH  HANDS  VS.  COMPARISONS  -  UNADJUSTED 


Percent  Est.  Relative  Risk 

Occupational  Category  Group  n  :*  High  (95%  C.I.)  p-Value 


All 

Ranch  Hand 

939 

73.9 

1.09  (0.90,1.32) 

0.384 

Comparison 

1,253 

72.1 

Officer 

Ranch  Hand 

361 

70.4 

1.06  (0.79,1.43) 

0.746 

Comparison 

495 

69.1 

Enlisted  Flyer 

Ranch  Hand 

162 

79.6 

0.85  (0.50,1.44) 

0.640 

Comparison 

196 

82.1 

Enlisted  Groundcrew 

Ranch  Hand 

416 

74.8 

1.19  (0.89,1.58) 

0.266 

Comparison 

562 

71.4 

b)  MODEL  ! 

:  RANCH  HANDS  VS.  COMPARISONS 

-  ADJUSTED 

Adj.  Relative  Risk 

Occupational  Category 

(95%C.L) 

p-Value 

Covariate  Remarks^ 

All 

1.05  (0.87,1.28) 

0.597 

AGE*DRKYR  (p=0.010) 

Officer 

1.04  (0.77,1.40) 

0.789 

OCC*RACE  (p =0.034) 

Enlisted  Flyer 

0.79  (0.46,1.34) 

0.376 

Enlisted  Groundcrew 

1.16  (0.87,1.55) 

0.311 

Covariates  and  associated  p-values  correspond  to  final  model  based  on  all  participants  with  available  data. 
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Table  13-52.  (Continued) 
Analysis  of  Apolipoprotein  B 
(Discrete) 


c)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  —  UNADJUSTED 


Initial  Dioxin  Categoiy  Summary  Statistics 

Analysis  Results :  for  Log2  (Initial  Dioxin)^ 

Initial  Dioxin 

n 

Percent 

High 

Estimated  Rdatire  Risk 
■  (95%  " 

p-Value 

Low 

173 

74.6 

1.08  (0.93,1.26) 

0.310 

Medium 

170 

75.3 

High 

172 

76.2 

d)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  — 

ADJUSTED 

n 

Analysis  Results  for  Logj  (Initial  Dioxin)^ 
Adj.  Relative  Risk  (95%  C.I.)'’  p-Valoe 

Covaiiate  Remains 

515 

1.05  (0.87,1.26)**  0.605** 

INIT*AGE  (p=0.024) 

OCC  (p=0.108) 

DC  (p=0.098) 

®  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 


^  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 

^  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  "Covariate  Remarks"  column. 

**  Log2  (initial  dioxin)-by-covariate  interaction  (0.01  <p <0.05);  adjusted  relative  risk,  confidence  interval,  and 
p-value  derived  from  a  model  fitted  after  deletion  of  this  interaction;  refer  to  Appendix  Table  1-2-37  for 
further  analysis  of  this  interaction. 

Note:  Low  =  39-98  ppt;  Medium  =  >98-232  ppt;  High  =  >232  ppt. 
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Table  13-52.  (Continued) 
Analysis  of  Apolipoprotein  B 
(Discrete) 


e)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  —  UNADJUSTED 


Dioxin  Cat^ory 

Percent 

Est.  Relative  Risk 
(95%  C.I.)‘* 

p-Value 

Comparison 

1,043 

71.8 

Background  RH 

369 

71.3 

0.98  (0.75,1.28) 

0.890 

LowRH 

257 

72.8 

1.06(0.78,1.44) 

0.719 

HighRH 

258 

77.9 

1.37  (0.99,1.90) 

0.058 

Low  plus  High  RH 

515 

75.3 

1.20(0.94,1.53) 

0.146 

f)  MODEL  3: 

RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  -  ADJUSTED 

Adj.  Relative  Risk 

Dioxin  Category 

n 

(95%C.L)^'^ 

p-Vaiiie 

Comparison 

1,025 

ALC  (p=0.058) 

OCC*RACE  (p =0.035) 

Backgroimd  RH 

362 

1.02(0.77,1.34) 

0.915 

AGE*DRKYR  (p  =0.029) 

LowRH 

251 

0.99(0.72,1.35) 

0.950 

HighRH 

251 

1.29  (0.92,1.82) 

0.141 

Low  plus  High  RH 

502 

1.12  (0.87,1.44) 

0.376 

®  Relative  risk  and  confidence  interval  relative  to  Comparisons. 

Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 

Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  "Covariate  Remarks"  column. 

Note:  RH  =  Ranch  Hand. 

Comparison:  Current  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  Current  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  Chirrent  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  143  ppt. 

High  (Ranch  Hand):  Current  Dioxin  >  10  ppt.  Initial  Dioxin  >  143  ppt. 
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Table  13-52.  (Continued) 
Analysis  of  Apolipoprotein  B 
(Discrete) 


g)  MODELS  4,  5,  AND  6:  IL4NCH  HANDS  -  CllMtENT  DIOXIN -- UNADJUSTED 

Current  Dioxin  Categoty 

Analysis  Results  for  Log2 

Percent  Higii/(n) 

■ '  (Unrrent  INoxin  +  -1) 

Est.  Rdative  Risk 

Model® 

Low 

Medium 

High 

(95%  C  J.)*’  p-Value 

4 

71.0 

72.5 

77.4 

1.09(0.98,1.21) 

0.100 

(290) 

(298) 

(296) 

5 

67.7 

75.4 

77.8 

1.16  (1.06,1.27) 

0.001 

(294) 

(297) 

(293) 

6' 

67.6 

75.4 

77.8 

0.98  (0.89,1.09) 

0.719 

(293) 

(297) 

(293) 

h)  MODELS  4,  5,  AND  6:  RANCH  HANDS  - 

CURRENT  DIOXIN  -  ADJUSTED 

Anaiy»s  Results  for  Log2  (Curroit  Dioxin  +  1) 

Adj.  Relative  Risk 

Model® 

n 

(95%C.L)'’ 

p- Value 

Covaiiate  Remarks 

4 

884 

1.09  (0.98,1.21) 

0.100 

5 

884 

1.17  (1.07,1.28)** 

<0.001**  CURR*AGE  (p=0.019) 

6<= 

883 

0.98  (0.89,1.09) 

0.719 

®  Model  4:  Log2  (lipid-adjusted  current  dioxin  -I-  1). 

Model  5:  Log2  (whole-weight  current  dioxin  -t-  1). 

Model  6:  Log2  (whole-weight  current  dioxin  +  1),  adjusted  for  log2  total  lipids. 

*’  Relative  risk  for  a  twofold  increase  in  current  dioxin. 

'  Adjusted  for  log2  total  lipids. 

**  Log2  (current  dioxin  -t-  l)-by-covariate  interaction  (0.01  <p  <0.05);  adjusted  relative  risk,  confidence 
interval,  and 

p-value  derived  from  a  model  fitted  after  deletion  of  this  interaction;  refer  to  Appendix  Table  1-2-37  for 
further  analysis  of  this  interaction. 

Note:  Model  4:  Low  =  <  8.1  ppt;  Medium  =  >8.1-20.5  ppt;  High  =  >20.5  ppt. 

Models  5  and  6:  Low  =  <  46  ppq;  Medium  =  >46-128  ppq;  High  =  >  128  ppq. 
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adjusted  Model  3  analysis  contained  current  alcohol  use  and  two  interactions:  occupation-by¬ 
race  and  age-by-lifetime  alcohol  history. 

Removing  occupation  from  the  adjusted  analysis  produced  a  change  in  the  adjusted 
results.  The  adjusted  Model  3  analysis  showed  the  high  Ranch  Hands  to  be  significantly 
different  from  die  Comparisons  when  occupation  was  removed  from  the  final  model 
(Appendix  Table  I-3-39(b):  p=0.038,  Adj.  RR=1.42,  95%  C.I.  =  [1.02,  1.98]). 

The  unadjusted  Model  4  analysis  detected  a  marginally  significant  association  between 
apolipoprotein  B  and  current  dioxin  (Table  13-52(g):  p=0.100,  Est.  RR=1.09,  95% 

C.I.  =[0.98,  1.21]).  The  unadjusted  and  adjusted  Model  4  results  were  identical  because  no 
covariates  were  retained  in  the  adjusted  Model  4  analysis. 

The  unadjusted  Model  5  results  revealed  a  significant  association  between  apolipoprotein 
B  and  current  dioxin  (Table  13-52(g):  p=0.001,  Est.  RR=1.16,  95%  C.I. =[1.06,  1.27]). 
Current  dioxin-by-age  was  a  significant  interaction  in  the  adjusted  Model  5  analysis  (Table 
13-52(h):  p=0.019).  Appendix  Table  I-2-37(b)  presents  adjusted  results  stratified  by  age. 
When  the  current  dioxin-by-age  interaction  was  removed  from  the  adjusted  Model  5  analysis, 
the  association  between  apolipoprotein  B  and  current  dioxin  remained  significant  in  the 
adjusted  analysis  (Table  13-52(h):  p<0.001,  Adj.  RR=1.17,  95%  C.I.  =  [1.07,  1.28]). 

The  unadjusted  and  adjusted  Model  6  analyses  did  not  reveal  a  significant  association 
between  apolipoprotein  B  and  current  dioxin  (Table  13-52(g,h):  p =0.719  for  both  analyses). 
No  covariates  were  retained  in  the  adjusted  Model  6  analysis. 

C3  Complement  (Continuous) 

The  unadjusted  and  adjusted  Model  1  analyses  did  not  reveal  a  significant  group 
difference  in  the  mean  levels  of  C3  complement  (Table  13-53(a,b):  p>0.15  for  all  analyses). 
Age,  race,  occupation,  current  alcohol  use,  and  degreasing  chemical  exposure  were 
significant  covariates  in  the  adjusted  Model  1  analysis. 

The  unadjusted  Model  2  results  revealed  a  significant  positive  association  between  C3 
complement  and  initial  dioxin  (Table  13-53(c):  p=0.041,  Est.  Slope =0.0099).  The  adjusted 
Model  2  analysis  also  detected  a  significant  positive  association  between  C3  complement  and 
initial  dioxin  (Table  13-53(d):  p=0.031,  Adj.  Slope =0.0105).  The  final  model  contained  the 
covariates  race  and  current  alcohol  use. 

The  unadjusted  Model  3  analysis  showed  that  the  backgrovmd  Ranch  Hand  category  had 
a  significantly  lower  mean  C3  complement  than  the  Comparison  group  (Table  13-53(e): 
p=0.004),  while  the  high  Ranch  Hand  category  and  the  low  plus  high  Ranch  Hand  category 
had  marginally  higher  means  than  the  Comparison  group  (Table  13-53(e):  p=0.068  and 
p=0.051).  The  means,  adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  the 
change  in  percent  body  fat  from  the  time  of  duty  in  SEA  to  the  date  of  the  blood  draw  for 
dioxin,  were  114.40  mg/dl,  111.53  mg/dl,  115.79  mg/dl,  116.53  mg/dl,  and  116.16  mg/dl 
for  the  Comparison  group,  the  background  Ranch  Hand  category,  the  low  Ranch  Hand 
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Table  13-53. 

Analysis  of  C3  Complement  (mg/dl) 
(Continuous) 


a)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS  -  UNADJUSTED 


pccnpational  IMfference  of  Means 

Cat^ory  _ Group  n  Mean^  (95%  C.!.)**  p-VaIue= 


All 

Ranch  Hand 

939 

114.14 

-0.22  - 

0.773 

Comparison 

1,253 

114.36 

Officer 

Ranch  Hand 

361 

111.52 

0.45  - 

0.690 

Comparison 

495 

111.07 

Enlisted  Flyer 

Ranch  Hand 

162 

114.35 

-2.05  ~ 

0.298 

Comparison 

196 

116.40 

Enlisted  Groundcrew 

Ranch  Hand 

416 

116.39 

-0.23  ~ 

0.840 

Comparison 

562 

116.62 

b)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS  —  ADJUSTED 


Occupational 

Cat^ory 

Group 

n 

Adj. 

Mean^ 

Difference  of  AdJ. 
Means  (95%  C.t)'* 

p-Value"^ 

Covariate  Remarks*^ 

All 

Ranch  Hand 

929 

116.09 

-0.43  - 

0.566 

AGE  (p <0.001) 

Comparison 

1,235 

116.52 

RACE  (p =0.001) 

Officer 

Ranch  Hand 

361 

113.58 

0.64  - 

0.588 

OCC(p<  0.001) 

Comparison 

488 

112.94 

ALC  (p=0.042) 

DC  (p=0.035) 

Enlisted  Flyer 

Ranch  Hand 

159 

115.38 

-2.65  - 

0.157 

Comparison 

196 

118.03 

Enlisted 

Ranch  Hand 

409 

118.63 

-0.59  - 

0.612 

Grotmdcrew 

Comparison 

551 

119.22 

®  Transformed  from  namral  logarithm  scale. 


Difference  of  means  after  transformation  to  original  scale;  confidence  interval  on  difference  of  means  not 
presented  because  analysis  was  performed  on  namral  logarithm  scale. 

^  P-values  based  on  difference  of  means  on  namral  logarithm  scale. 

**  Covariates  and  associated  p-values  correspond  to  final  model  based  on  all  participants  with  available  data. 
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Table  13-53.  (Continued) 
Analysis  of  C3  Complement  (mg/dl) 
(Continuous) 


c)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  -  UNADJUSTED 


Initial  Dioxin  Category  Summary  Statistics 

Analysis  Results  for  Logj  (Initial  Dioxin)** 

Initial  IHoxin 

n 

Mean^ 

Adj. 

Mean®^ 

R* 

Slope 

(Std.  Error)® 

p-Value 

Low 

173 

114.89 

115.40 

0.074 

0.0099  (0.0048) 

0.041 

Medium 

170 

116.69 

116.81 

High 

172 

119.80 

119.15 

d)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  -  ADJUSTED 


Initial  Dioxin  Category  Summary 
Statistics 


Initial  Dioxin 


Adj. 

Mean^ 


Analysis  Results  for  Logj  Hidti^  DIoxin)*' 


Adj.  Slope 

R^  :  (Std.  Error)‘^^^.:::  :  \p^  Covariate  Remarks 


Low 

171 

118.56 

0.090  0.0105  (0.0049)  0.031 

RACE  (p =0.0 12) 

ALC  (p =0.129) 

Medium 

167 

120.23 

High 

170 

122.63 

®  Transformed  from  natural  logarithm  scale. 


**  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 


'  Slope  and  standard  error  based  on  natural  logarithm  of  C3  complement  versus  log2  (initial  dioxin). 

^  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  "Covariate  Remarks"  column. 

Note:  Low  =  39-98  ppt;  Medium  =  >98-232  ppt;  High  =  >232  ppt. 
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Table  13-53.  (Continued) 
Analysis  of  C3  Complement  (mg/dl) 
(Continuous) 


«)  MODEL  3:  RANCH  HANDS  AND  CXlNffiARISQN^  --  UNADJUSTED 


Dioxiii  Cat^ory 

Mean* 

Adj. 

Mean*^ 

Difference  of  Adj. 

Mean  vs.  Comparisons 
(95%C.I.)* 

p-Value’ 

Comparison 

1,043 

114.46 

114.40 

Background  RH 

369 

110.12 

111.53 

-2.87  ~ 

0.004 

LowRH 

257 

116.22 

115.79 

1.39  - 

0.233 

HighRH 

258 

118.00 

116.53 

2.13  - 

0.068 

Low  plus  High  RH 

515 

117.11 

116.16 

1.76- 

0.051 

f)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  --  ADJUSTED 

Difference  of  Adj\ 


Adj. 

Mean** 

Mean  vs.  Comparisons 
(95%  C.L)* 

Dioxin  Category 

n 

p-Value^ 

Comparison 

1,043 

116.25 

AGE  (p  <0.001) 

RACE  (p =0.007) 

Background  RH 

369 

114.16 

-2.09  ~ 

0.043 

OCC  (p<0.001) 

DC  (p =0.089) 

LowRH 

257 

117.32 

1.07  - 

0.361 

HighRH 

258 

117.42 

1.17  ~ 

0.335 

Low  plus  High  RH 

515 

117.37 

.  1.12- 

0.223 

^  Transformed  from  natural  logarithm  scale. 

^  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 

Difference  of  adjusted  means  after  transformation  to  original  scale;  confidence  interval  on  difference  of 
adjusted  means  not  presented  because  analysis  was  performed  on  natural  logarithm  scale. 

^  P-value  is  based  on  difference  of  means  on  natural  logarithm  scale. 

®  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  "Covariate  Remarks"  column. 

Note:  RH  =  Ranch  Hand. 

Comparison:  Current  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  Current  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  Current  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  143  ppt. 

High  (Ranch  Hand):  Current  Dioxin  >  10  ppt,  Initial  Dioxin  >  143  ppt. 
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Table  13-53.  (Continued) 
Analysis  of  Cj  Complement  (mg/dl) 
(Continuous) 


g)  MODELS  4,  5,  AND  6:  RANCH  Hiy^  --  CURRENT  mOXIN UNADJUSTED 


3 

Current  Dioxin  Categoiy 
Mean“/(n) 

Analysis  Results  for  Logj 
(Curroit  Dioxin  +1) 

Modi” 

Low 

Medium 

High 

R^ 

Slope 

(Std.  Error)® 

p-Value 

4 

109.86 

114.47 

118.15 

0.051 

0.0232 

<0.001 

(290) 

(298) 

(296) 

(0.0034) 

5 

109.35 

114.27 

119.02 

0.073 

0.0240 

<0.001 

(294) 

(297) 

(293) 

(0.0029) 

6“* 

111.14 

114.43 

117.05 

0.119 

0.0160 

<0.001 

(293) 

(297) 

(293) 

(0.0030) 

h)  MODELS  4,  5,  AND  6:  RANCH  HANDS  -  CURRENT  DIOXIN  -  ADJUSTED 


Model” 

Current  Dioxin  Category 
Adjusted  MeanVfn) 

Low  Medium  High 

R* 

Ahaiysas  Results  for  Log^ 

(Current  Dioxin  +  1) 

Adj.  Slope 

(Std.  Error)®  p-Value  Covariate  Remarks 

4 

111.84 

(287) 

115.71 

(290) 

119.83 

(287) 

0.077 

0.0233 

(0.0039) 

<0.001 

AGE  (p =0.01 8) 
RACE  (p =0.028) 
OCC*IC  (p =0.030) 
DRKYR*IC  (p=0.042) 

5 

111.67** 

(294) 

116.15** 

(297) 

121.34** 

(293) 

0.102 

0.0245 

(0.0032)** 

<0.001** 

CURR*OCC  (p=0.031) 
AGE  (p  =0.069) 

RACE  (p =0.009) 
OCC*IC  (p=0.037) 

6® 

113.86 

(289) 

116.37 

(290) 

119.27 

(284) 

0.149 

0.0154 

(0.0034) 

<0.001 

AGE  (p  =0.076) 

RACE  (p =0.005) 
OCC*IC  (p=0.013) 
DRKYR*IC  (p =0.029) 

^  Transformed  from  natural  logarithm  scale. 

^  Model  4:  Log2  (lipid-adjusted  current  dioxin  +1). 

Model  5:  Log2  (whole-weight  current  dioxin  -f  1). 

Model  6:  Log2  (whole-weight  current  dioxin  -h  1),  adjusted  for  log2  total  lipids. 

^  Slope  and  standard  error  based  on  natural  logarithm  of  C3  complement  versus  log2  (current  dioxin  +  1). 

^  Adjusted  for  log2  total  lipids. 

®  Adjusted  for  log2  total  lipids  in  addition  to  covariates  specified  under  "Covariate  Remarks"  column. 

**  Log2  (current  dioxin  H-  l)-by-covariate  interaction  (0.01  <p <0.05);  adjusted  mean,  adjusted  slope,  standard 
error,  and  p-value  derived  from  a  model  fitted  after  deletion  of  this  interaction;  refer  to  Appendix 
Table  1-2-38  for  further  analysis  of  this  interaction. 

Note:  Model  4:  Low  =  <  8.1  ppt;  Medium  =  >8.1-20.5  ppt;  High  =  >20.5  ppt. 

Models  5  and  6:  Low  =  <  46  ppq;  Medium  =  >46-128  ppq;  High  =  >128  ppq. 
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category,  the  high  Ranch  Hand  category,  and  the  low  plus  high  Ranch  hand  category 
respectively. 

After  adjusting  for  the  covariates  age,  race,  occupation,  and  degreasing  chemical 
exposure,  the  background  Ranch  Hand  mean  C3  complement  remained  significantly  lower 
than  the  Comparison  group  mean  (Table  13-53(f):  p=0.043,  114.16  mg/dl  versus  116.25 
mg/dl),  but  the  high  versus  Comparison  group  contrast  and  the  low  plus  high  versus 
Comparison  group  contrast  became  nonsignificant  (p>0.22  for  both  contrasts).  The  change 
in  significance  for  the  high  versus  Comparison  contrast  and  the  low  plus  high  versus 
Comparison  contrast  was  due  to  adjusting  for  occupation.  After  excluding  occupation  from 
the  final  model,  the  adjusted  results  paralleled  the  unadjusted  findings,  showing  marginally 
significant  mean  differences  for  both  these  contrasts  (Appendix  Table  I-3-40(a):  p=0.()69  for 
the  high  versus  Comparison  contrast  and  p=0.077  for  fee  low  plus  high  versus  Comparison 
contrast). 

The  unadjusted  analyses  for  Models  4,  5,  and  6  revealed  a  significant  positive 
association  between  C3  complement  and  current  dioxin  (Table  13-53(g):  p<  0.001,  Est. 
Slope=0.0232;  p<0.001,  Est.  Slope=0.0240;  and  p<0.001,  Est.  Slope=0.0160 
respectively).  For  Models  4  and  6,  each  of  the  adjusted  analyses  also  detected  a  significant 
positive  association  between  C3  complement  and  current  dioxin  (Table  13-53(h):  p<  0.001, 
Adj.  Slope=0.0233  and  p<0.001,  Adj.  Slope=0.0154  respectively).  Each  of  the  adjusted 
analyses  for  Models  4  and  6  contained  age,  race,  and  two  interactions:  occupation-by- 
industrial  chemical  exposure  and  lifetime  alcohol  history-by-industrial  chemical  exposure. 

Current  dioxin-by-occupation  was  a  significant  interaction  in  the  adjusted  Model  5 
analysis  (Table  13-53(h):  p=0.031).  Appendix  Table  I-2-38(a)  presents  adjusted  results 
stratified  by  occupation  for  Model  5.  In  addition  to  the  current  dioxin-by-occupation 
interaction,  the  adjusted  Model  5  analysis  contained  age,  race,  and  the  occupation-by- 
industrial  chemical  exposure  interaction.  After  removing  the  current  dioxin-by-occupation 
interaction  from  the  final  model,  the  association  between  C3  complement  and  current  dioxin 
remained  significant  in  the  adjusted  Model  5  analysis  (Table  13-53(h):  p< 0.001,  Adj. 

Slope =0.0245). 

C3  Complement  (Discrete) 

The  unadjusted  Model  1  analysis  did  not  show  a  significant  group  difference  in  the 
percentage  of  participants  having  low  levels  of  C3  complement  (Table  13-54(a):  p>0.26  for 
all  contrasts).  The  interaction  between  group  and  race  was  significant  in  the  adjusted  Model 
1  analysis  (Table  13-54(b):  p=0.021).  Appendix  Table  1-2-39  presents  adjusted  results 
stratified  by  race.  The  final  model  also  contained  two  other  interactions:  occupation-by¬ 
lifetime  alcohol  history  and  current  alcohol  use-by-industrial  chemical  exposure.  The 
adjusted  analysis  did  not  show  a  significant  group  contrast  when  the  group-by-race  interaction 
was  removed  from  the  final  model  (Table  13-54^):  p>0.13  for  all  contrasts). 

The  unadjusted  and  adjusted  Model  2  analyses  did  not  reveal  a  significant  association 
between  C3  complement  and  initial  dioxin  (Table  13-54(c,d):  p>0.33  for  both  analyses).  The 
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Table  13-54. 

Analysis  of  C3  Complement 
(Discrete) 


a)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS  —  UNADJUSTED 


Percoit  ; 

Est.  Relative  Risk 

Occupational  Category 

Group 

n  ■ 

Low 

(95%C.L) 

p-Value 

All 

Ranch  Hand 

939 

2.6 

1.07  (0.62,1.84) 

0.918 

Comparison 

1,253 

2.4 

Officer 

Ranch  Hand 

361 

2.8 

0.85  (0.38,1.90) 

0.851 

Comparison 

495 

3.2 

Enlisted  Flyer 

Ranch  Hand 

162 

2.5 

0.68  (0.20,2.38) 

0.769 

Comparison 

196 

3.6 

Enlisted  Groundcrew 

Ranch  Hand 

416 

2.4 

1.95  (0.74,5.17) 

0.261 

Comparison 

562 

1.2 

b)  MODEL  1:  RANCH  HANDS  VS. 

COMPARISONS  -  ADJUSTED 

Occupational  Cat^ory 

Adj.  Relative  Risk 
(95%  C.L) 

p-Value 

■  ;:':i;;('Covaiiate -Ronarks®  .  ■ 

All 

1.10  (0.64,1.90)** 

0.734** 

GROUP*RACE  (p=0.021) 

Officer 

0.86  (0.38,1.91)** 

0.704** 

OCC*DRKYR  (p =0.039) 
ALC*IC  (p  =0.016) 

Enlisted  Flyer 

0.71  (0.20,2.49)** 

0.594** 

Enlisted  Groundcrew 

2.14  (0.79,5.84)** 

0.137** 

®  Covariates  and  associated  p-values  correspond  to  final  model  based  on  all  participants  with  available  data. 


**  Group-by-covariate  interaction  (0.01  <p<0.05);  adjusted  relative  risk,  confidence  interval,  and  p-value 
derived  from  a  model  fitted  after  deletion  of  this  interaction;  refer  to  Appendix  Table  1-2-39  for  further 
analysis  of  this  interaction. 
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Table  13-54.  (Continued) 
Analysis  of  C3  Complement 
(Discrete) 


c)  MODEL  2;  RANCH  HANDS-  INITIAL  DIOXIN  —  UNADJUSTED 


Initial  Dioxin  Category  Summary  Statistics 

Analysis  Results  for  Log2  (Initial  Dioxin)^ 

Initial  Dioxin 

n 

Percent 

Low 

Estimated  Relative  Risk 
(95%  C.Lf 

p^Vaiue 

Low 

173 

1.2 

0.83  (0.47,1.46) 

0.504 

Medium 

170 

2.4 

High 

172 

1.2 

d)  MODEL  2:  RANCH  HANDS  —  INITIAL  DIOX^  -- 

ADJUSTED 

Analysis  Results  for  Logj  (Initial  Dioxin)^ 

n 

Adj.  Relative  Risk  <95%  C  l.)” 

p-Value 

508 

0.74  (0.39,1.41) 

0.337 

RACE  (p =0.103) 

IC  (p=0.039) 

DC  (p=0.061) 

ALC  (p  =0.024) 

^  Adjusted  for  percent  body  fat  at  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 

in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 

^  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 


Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  "Covariate  Remarks"  column. 

Note:  Low  =  39-98  ppt;  Medium  =  >98-232  ppt;  High  =  >232  ppt. 
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Table  13-54.  (Continued) 
Analysis  of  C3  Complement 
(Discrete) 


e)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  —  UNADJUSTED 


Dioxin  Cat^oiy 

n 

Percent 

Low 

Est.  Relative  Risk 
(95%  C.!.)** 

p-Value 

Comparison 

1,043 

2.7 

Background  RH 

369 

3.8 

1.23  (0.63,2.38) 

0.549 

Low  RH 

257 

1.9 

0.72  (0.27,1.90) 

HighRH 

258 

1.2 

0.46(0.13,1.55) 

0.210 

Low  plus  High  RH 

515 

1.6 

0.59(0.26,1.33) 

0  MODEL  3: 

RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  -  ADJUSTED 

Adj,  Relative  Risk 

Dioxin  Category 

n 

(95%CJ.)®= 

p-Value 

Covariate  R»narks 

Comparison 

1,027 

DXCAT*RACE  (p=0.028) 

DXCAT*IC  (p =0.003) 

Background  RH 

367 

1.25  (0.63,2.46)** 

0.520** 

1C*DC  (p=0.021) 

IC*ALC  (p <0.001) 

LowRH 

254 

0.74  (0.28,1.97)** 

0.544** 

HighRH 

254 

0.40  (0.12,1.37)** 

0.144** 

Low  plus  High  RH 

508 

0.56  (0.25,1.28)** 

0.169** 

“  Relative  risk  and  confidence  interval  relative  to  Comparisons. 

Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 

Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  fi-om  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  "Covariate  Remarks"  column. 

**  Categorized  dioxin-by-covariate  interaction  (p<0.05);  adjusted  relative  risk,  confidence  interval,  and  p-value 
derived  from  a  model  fined  after  deletion  of  this  interaction;  refer  to  Appendix  Table  1-2-39  for  further 
analysis  of  this  interaction. 

Note:  RH  =  Ranch  Hand. 

Comparison:  Current  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  Current  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  Current  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  143  ppt. 

High  (Ranch  Hand):  Current  Dioxin  >  10  ppt.  Initial  Dioxin  >  143  ppt. 
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Table  13-54.  (Continued) 
Analysis  of  C3  Complement 
(Discrete) 


g)  MODELS  4,  5,  AND  6:  RANCH  HANDS  —  CURRENT  DIOXIN  —  UNADJUSTED 

Current  Dioxin  Cat^ory 

Analysis  Results  for  Log2 

Percent  Low/(n) 

(Current  INoxin  4-  1) 

Est.  Relative  Risk 

ModeE 

Low 

Medium 

High 

(95%  C.L)^  p-V^ue 

4 

3.4 

2.3 

1.7 

0.68  (0.49,0.94)  0.014 

(290) 

(298) 

(296) 

5 

4.4 

2.0 

1.0 

0.70  (0.56,0.87)  0.003 

(294) 

(297) 

(293) 

6= 

4.1 

2.0 

1.0 

0.86(0.65,1.13)  0.282 

(293) 

(297) 

(293) 

h)  MODELS  4,  5,  AND  6:  RANCH  HANDS  — 

CURRENT  DIOXIN  —  ADJUSTED 

Analysis  Results  for  Log 

(Current  Dioxin  +  1) 

Adj.  Relative  Risk 

ModeE 

n 

(?5%C.L)'’ 

p-Value 

Covariate  Remarks 

4 

875 

0.68  (0.47,0.97)** 

0.032** 

CURR*ALC  (p=0.011) 

DC  (p=0.075) 

OCC*AGE  (p =0.037) 

5 

875 

0.66  (0.51,0.85) 

0.003 

DC  (p =0.052) 

OCC*AGE  (p  =0.022) 

IC*ALC  (p =0.032) 

6** 

874 

0.85  (0.62,1.17) 

0.330 

DC  (p =0.051) 

OCC*AGE  (p=0.011) 

IC*ALC  (p =0.032) 

®  Model  4:  Logj  (lipid-adjusted  current  dioxin  -l-  1). 

Model  5:  Log2  (whole-weight  current  dioxin  -t-  1). 

Model  6;  Log2  (whole-weight  current  dioxin  +  1),  adjusted  for  log2  total  lipids. 


Relative  risk  for  a  twofold  increase  in  current  dioxin. 

Adjusted  for  log2  total  lipids. 

^  Adjusted  for  log2  total  lipids  in  addition  to  covariates  specified  under  "Covariate  Remarks"  column. 

**  Log2  (current  dioxin  +  l)-by-covariate  interaction  (0.01  <p<0.05);  adjusted  relative  risk,  confidence 
interval,  and  p-value  derived  from  a  model  fitted  after  deletion  of  this  interaction;  refer  to  Appendix 
Table  1-2-39  for  further  analysis  of  this  interaction. 

Note:  Model  4:  Low  =  <  8.1  ppt;  Medium  =  >8.1-20.5  ppt;  High  =  >20.5  ppt. 

Models  5  and  6:  Low  =  <  46  ppq;  Medium  =  >46-128  ppq;  High  =  >  128  ppq. 
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adjusted  Model  2  analysis  included  race,  industrial  chemical  exposure,  degreasing  chemical 
exposure,  and  current  alcohol  use. 

Examination  of  the  unadjusted  Model  3  results  did  not  show  a  significant  contrast 
between  any  of  the  Ranch  Hand  categories  and  the  Comparison  group  (Table  13-54(e): 
p>0.20  for  all  contrasts).  Categorized  dioxin-by-race  and  categorized  dioxin-by-industrial 
chemical  exposure  were  significant  interactions  in  the  adjusted  Model  3  analysis.  Appendix 
Table  I-2-39(b,c)  presents  adjusted  results  stratified  separately  by  race  and  industrial 
chemical  exposure.  The  final  model  also  included  two  covariate-by-covariate  interactions: 
industrial  chemical  exposure-by-degreasing  chemical  exposure  and  industrial  chemical 
exposure-by-current  alcohol  use.  The  adjusted  Model  3  analysis  did  not  detect  a  significant 
difference  between  any  of  the  Ranch  Hand  categories  and  the  Comparison  group  when  the 
two  categorized  dioxin-by-covariate  interactions  were  removed  from  the  final  model  (Table 
13-54(f):  p>0.14  for  all  contrasts). 

The  unadjusted  analyses  for  Models  4  and  5  detected  a  significant  inverse  association 
between  low  levels  of  C3  complement  and  current  dioxin  (Table  13-54(g):  p =0.014,  Est. 
RR=0.68,  95%  C.I.  =  [0.49,  0.94]  and  p=0.003,  Est.  RR=0.70,  95%  C.I.  =  [0.56,  0.87] 
for  Models  4  and  5  respectively).  By  contrast,  the  unadjusted  Model  6  analysis  did  not  show 
a  significant  association  (Table  13-54(g):  p =0.282). 

Current  dioxin-by-current  alcohol  use  was  a  significant  interaction  in  the  adjusted  Model 
4  analysis.  Appendix  Table  1-2-39  presents  adjusted  results  stratified  by  current  alcohol  use 
for  Model  4.  The  adjusted  Model  4  analysis  also  included  degreasing  chemical  exposure  and 
the  occupation-by-age  interaction.  After  removing  the  current  dioxin-by-current  alcohol  use 
interaction  from  the  final  model,  the  association  between  C3  complement  and  current  dioxin 
remained  significant  (Table  13-54(h):  p=0.032,  Adj.  RR=0.68,  95%  C.I.  =  [0.47,  0.97]). 

The  adjusted  results  for  Models  5  and  6  corresponded  to  the  unadjusted  results  for  these 
models.  The  adjusted  Model  5  analysis  found  a  significant  inverse  association  between  C3 
complement  and  current  dioxin  (Table  13-54(h):  p=0.003,  Adj.  RR=0.66,  95%  C. I.  =  [0.51, 
0.85]),  but  the  Model  6  adjusted  analysis  did  not  find  a  significant  association  (Table 
13-54(h):  p=0.330). 

These  seemingly  discrepant  results  for  C3  complement  (in  continuous  analyses, 
significantly  increasing  abnormally  low  levels  as  dioxin  increases  and,  in  discrete  analyses, 
significtintly  decreasing  abnormally  low  levels  as  dioxin  increases)  are  consistent  because  low 
levels  of  C3  are  considered  abnormal  in  the  discrete  analyses  results. 

C4  Complement  (Continuous) 

The  unadjusted  and  adjusted  Model  1  analyses  did  not  show  a  significant  group 
difference  in  the  mean  levels  of  C4  complement  (Table  13-55(a,b):  p>0.51  for  all  contrasts). 
The  adjusted  analysis  contained  age,  race,  occupation,  lifetime  alcohol  history,  and  industrial 
chemical  exposure. 
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Table  13-55. 

Analysis  of  C4  Complement  (mg/dl) 
(Continuous) 


a)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS 

-  UNADJUSTED 

Occupational 

Category 

Group 

Difference  of  Means 
Mean®  (95%  C.I.)‘> 

p-Value*^ 

All 

Ranch  Hand 

939 

21.73 

-0.07- 

0.763 

Comparison 

1,253 

21.80 

Officer 

Ranch  Hand 

361 

21.15 

-0.13  ~ 

0.711 

Comparison 

495 

21.28 

Enlisted  Flyer 

Ranch  Hand 

162 

22.21 

0.36  - 

0.565 

Comparison 

196 

21.85 

Enlisted  Groundcrew 

Ranch  Hand 

416 

22.07 

-0.19  - 

0.573 

Comparison 

562 

22.25 

b)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS  —  ADJUSTED 

Occupational 

Adj. 

Diffn-ence  of  Adj. 

Category 

Group 

n 

Mean^ 

Means  (95%  C.I.)” 

p-Value*^ 

Covariate  R^narks*^ 

All 

Ranch  Hand 

917 

23.17 

-0.12  - 

0.617 

AGE  (p=0.027) 

Comparison 

1,232 

23.29 

RACE  (p<  0.001) 

Officer 

Ranch  Hand 
Comparison 

357 

487 

22.66 

22.84 

-0.19  - 

0.619 

OCC  (p =0.008) 
DRKYR  (p =0.126) 

IC  (p=0.131) 

Enlisted  Flyer 

Ranch  Hand 

156 

23.49 

0.36  - 

0.548 

Comparison 

195 

23.13 

Enlisted 

Ranch  Hand 

404 

23.56 

-0.24  ~ 

0.515 

Groundcrew 

Comparison 

550 

23.80 

^  Transfomed  from  natural  logarithm  scale. 

^  Difference  of  means  after  transformation  to  original  scale;  confidence  interval  on  difference  of  means  not 
presented  because  analysis  was  performed  on  natural  logarithm  scale. 

^  P-values  based  on  difference  of  means  on  natural  logarithm  scale. 

^  Covariates  and  associated  p-values  correspond  to  final  model  based  on  all  participants  with  available  data. 
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Table  13-55.  (Continued) 
Analysis  of  C4  Complement  (mg/dl) 
(Continuous) 


c)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  —  UNADJUSTED 


Initial  Dioxin  Category  Summary  Statistics 

Analysis  Results  for  Lofe  ^tial  Dioxur)** 

Initial  Dioxin 

n 

Mean® 

Adj. 

Mean®** 

R* 

Slope 

(Std.  Error)® 

p-Value 

Low 

173 

21.40 

21.45 

0.008 

0.0020  (0.0083) 

0.814 

Medium 

170 

22.15 

22.16 

High 

172 

22.17 

22.11 

d)  MODEL  2:  RANCH  HANDS  —  INITIAL  DIOXIN  -  ADJUSTED 


Initial  Dioxin  Category  Summary 
Statistics 


Initial  Dioxin 

n 

Adj. 

Mean®^ 

Low 

171 

22.40** 

Medium 

167 

23.35** 

High 

170 

23.24** 

Analysis  Results  for  L(^2  (Duti^l  Dioxin)^ 

Adj.  Slope 

R^  (Std.  Error)*=  p-Value  Covariate  Remarks 

0.088  0.0020  (0.0097)**  0.834**  INIT*OCC  (p  =0.002) 

IN1T*AGE  (p =0.027) 
RACE  (p=0.014) 
OCC*ALC  (p=0.014) 
OCC*IC  (p =0.007) 


®  Transformed  from  natural  logarithm  scale. 

Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 

Slope  and  standard  error  based  on  natural  logarithm  of  C4  complement  versus  log2  (initial  dioxin). 

Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  "Covariate  Remarks"  column. 

**  Log2  (initial  dioxin)-by-covariate  interaction  (p<0.05);  adjusted  mean,  adjusted  slope,  standard 
error,  and  p-value  derived  from  a  model  fitted  after  deletion  of  this  interaction;  refer  to  Appendix 
Table  1-2-40  for  further  analysis  of  this  interaction. 

Note:  Low  =  39-98  ppt;  Medium  =  >98-232  ppt;  High  =  >232  ppt. 
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Table  13-55.  (Continued) 
Analysis  of  C4  Complement  (mg/dl) 
(Continuous) 


e)  MODJa.  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  —  UNADJUSTED 

Difference  of  Adj. 


Dioxin  Categoiy 

n 

Mean® 

Adj. 

Mean* 

Mean  Ts.  Cmnparisons 
{95%C.L)= 

p-Value^ 

Comparison 

1,043 

21.76 

21.76 

Background  RH 

369 

21.32 

21.46 

-0.30  - 

0.347 

LowRH 

257 

21.97 

21.94 

0.18  ~ 

0.619 

HighRH 

258 

21.83 

21.69 

-0.07  ~ 

0.857 

Low  plus  High  RH 

515 

21.90 

21.82 

0.06- 

0.838 

f)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  —  ADJUSTED 

Difference  of  Adj. 

Adj.  Mean  vs.  Comparisons 


Dioxin  Cat^ory 

n 

Mean®^ 

(9s%cxy 

5  ;  p-'\^lue‘'  r 

Covariate  Remarks 

Comparison 

1,025 

23.06 

AGE  (p =0.053) 

RACE  (p <0.001) 

Background  RH 

362 

22.85 

-0.20  - 

0.554 

OCC  (p=0.014) 

LowRH 

251 

23.17 

0.11  - 

0.772 

DRKYR  (p =0.063) 

HighRH 

251 

22.78 

-0.28  - 

0.487 

Low  plus  High  RH 

502 

22.98 

-0.08  - 

0.785 

^  Transformed  from  natural  logarithm  scale. 

^  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 

^  Difference  of  adjusted  means  after  transformation  to  original  scale;  confidence  interval  on  difference  of 
adjusted  means  not  presented  because  analysis  was  performed  on  natural  logarithm  scale. 

^  P'Value  is  based  on  difference  of  means  on  natural  logarithm  scale. 

®  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  "Covariate  Remarks"  column. 

Note:  RH  =  Ranch  Hand. 

Comparison:  Current  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  Current  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  Current  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  143  ppt. 

High  (Ranch  Hand):  Current  Dioxin  >  10  ppt.  Initial  Dioxin  >  143  ppt. 
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Table  13-55.  (Continued) 
Analysis  of  C4  Complement  (mg/dl) 
(Continuous) 


g)  MODELS  4,  5,  AND  6:  RANCH  HANDS  -  CURRENT  DIOXIN  -  UNADJUSTED 


Current  Diotdn  Category 
Mean“/(n) 

Analysis  Results  for  Log2 
:  (Curroit  Dioxin  +  I)  , 

Low 

Medium 

High 

R* 

Slope 

(Std.  Error)* 

p-Value 

4 

21.16 

21.82 

22.00 

0.004 

0.0102 

0.068 

(290) 

(298) 

(296) 

(0.0056) 

5 

21.03 

21.69 

22.27 

0.009 

0.0138 

0.004 

(294) 

(297) 

(293) 

(0.0048) 

6‘‘ 

21.44 

21.73 

21.83 

0.041 

0.0038 

0.452 

(293) 

(297) 

(293) 

(0.0051) 

h)  MODELS  4,  5,  AND  6;  RANCH  HANDS  -  CURRENT  DIOXIN  -  ADJUSTED 


Mod^ 

Cuirent  Dioxin  Category 
Adjusted  Mean^/(n) 

Low  Medium  High 

R* 

Analysis  Results  for  Logj 
{Currait  Dioxin  -b  1) 

Adj.  Slope 

(Std.  Error)*  p-Value  Covariate  Remarks 

4 

22.31 

(287) 

22.84 

(290) 

22.78 

(287) 

0.046 

0.0071 

(0.0064) 

0.267 

RACE  (p  =0.002) 
OCC*ALC  (p =0.035) 
OCC*IC  (p =0.009) 
ALC*DRKYR  (p=0.041) 

5 

22.19** 

(290) 

22.66** 

(290) 

23.27** 

(284) 

0.058 

0.0129 

(0.0054)** 

0.018** 

CURR*OCC  (p=0.031) 
RACE  (p =0.002) 
OCC*ALC  (p =0.030) 
OCC*IC  (p  =0.009) 
ALC*DRKYR  (p=0.041) 

6' 

22.82 

(289) 

22.80 

(290) 

22.86 

(284) 

0.078 

0.0006 

(0.0058) 

0.920 

RACE  (p  <0.001) 
OCC*IC  (p  =0.004) 
ALC*DRKYR  (p=0.036) 

*  Transformed  from  natural  logarithm  scale. 

**  Model  4:  Log2  (lipid-adjusted  current  dioxin  -1-1). 

Model  5:  Log2  (whole-weight  current  dioxin  -I-  1). 

Model  6:  Log2  (whole-weight  current  dioxin  +  1),  adjusted  for  log2  total  lipids. 

Slope  and  standard  error  based  on  natural  logarithm  of  C4  complement  versus  log2  (current  dioxin  +  1). 

**  Adjusted  for  log2  total  lipids. 

®  Adjusted  for  log2  total  lipids  in  addition  to  covariates  specified  under  "Covariate  Remarks"  column. 

**  Log2  (current  dioxin  +  l)-by-covariate  interaction  (0.01<p<0.05);  adjusted  mean,  adjusted  slope,  standard 
error,  and  p-value  derived  from  a  model  fitted  after  deletion  of  this  interaction;  refer  to  Appendix 
Table  1-2-40  for  further  analysis  of  this  interaction. 

Note:  Model  4:  Low  =  <  8.1  ppt;  Medium  =  >8.1-20.5  ppt;  High  =  >20.5  ppt. 

Models  5  and  6:  Low  =  <  46  ppq;  Medium  =  >46-128  ppq;  High  =  >  128  ppq. 
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Examination  of  the  unadjusted  Model  2  results  did  not  reveal  a  significant  association 
between  C4  complement  and  initial  dioxin  (Table  13-55(c):  p=0.814).  Initial  dioxin-by¬ 
occupation  and  initial  dioxin-by-age  were  significant  interactions  in  the  adjusted  analysis  of 
Model  2  (Table  13-55(d):  p=0.(X)2  and  p=0.027  respectively).  Appendix  Table  I-2-40(a,b) 
presents  adjusted  results  stratified  separately  by  age  and  occupation.  The  final  model  also 
included  race  and  two  covariate-by-covariate  interactions:  occupation-by-current  alcohol  use 
and  occupation-by-industrial  chemical  exposure.  When  the  two  initial  dioxin-by-covariate 
interactions  were  removed  from  the  final  model,  the  association  between  C4  complement  and 
initial  dioxin  remained  nonsignificant  (Table  13-55(d):  p =0.834). 

The  unadjusted  and  adjusted  Model  3  analyses  did  not  show  any  of  the  Ranch  Hand 
categories  to  be  significantly  different  from  the  Comparison  group  (Table  13-55(e,f):  p>0.34 
for  all  contrasts).  Age,  race,  occupation,  and  lifetime  alcohol  history  were  significant 
covariates  in  the  adjusted  analysis. 

The  unadjusted  analyses  for  Models  4  and  5  detected  a  marginally  significant  and 
significant  positive  association  between  C4  complement  and  current  dioxin  (Table  13-55(g): 
p=0.068,  Est.  Slope=0.0102  and  p=0.004,  Est.  Slope=0.0138  respectively).  The  Model  6 
analysis  did  not  show  a  significant  association  (Table  13-55(g):  p=0.452). 

After  covariate  adjustment,  the  association  between  C4  complement  and  current  dioxin 
became  nonsignificant  in  the  Model  4  analysis  (Table  13-55(h):  p=0.267).  The  adjusted 
Model  4  analysis  contained  race  and  three  co variate-by-covariate  interactions:  occupation-by¬ 
current  alcohol  use,  occupation-by-industrial  chemical  exposure,  and  current  alcohol  use-by- 
lifetime  alcohol  history). 

The  adjusted  Model  4  results  corresponded  to  the  unadjusted  results  when  occupation 
was  removed  from  the  final  model.  This  adjusted  analysis  detected  a  marginally  significant 
association  between  C4  complement  and  current  dioxin  (Appendix  Table  I-3-42(c):  p =0.080, 
Adj.  Slope =0.0100). 

Current  dioxin-by-occupation  was  a  significant  interaction  in  the  adjusted  analysis  of 
Model  5  (Table  13-55(h):  p=0.031).  Appendix  Table  1-2-40  presents  adjusted  results 
stratified  by  occupation.  In  addition  to  ^s  interaction,  the  final  model  also  included  race 
and  three  covariate-by-covariate  interactions:  occupation-by-current  alcohol  use,  occupation- 
by-industrial  chemical  exposure,  and  current  alcohol  use-by-lifetime  alcohol  history.  The 
association  between  C4  complement  and  current  dioxin  remained  significant  after  fte  current 
dioxin-by-occupation  interaction  was  removed  from  the  adjusted  Model  5  analysis  (Table 
13-55(h):  p=0.018,  Adj.  Slope=0.0l29). 

The  adjusted  Model  6  analysis  did  not  reveal  a  significant  association  between  C4 
complement  and  current  dioxin  (Table  13-55(h):  p=0.920).  The  final  model  contained  race 
and  two  covariate-by-covariate  interactions:  occupation-by-industrial  chemical  exposure  and 
current  alcohol  use-by-lifetime  alcohol  history. 
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C4  Complement  (Discrete) 

The  unadjusted  and  adjusted  Model  1  analyses  did  not  reveal  a  significant  group 
difference  in  the  percentage  of  participants  having  low  C4  complement  levels  (Table 
13-56(a,b);  p>0.17  for  all  contrasts).  The  final  adjusted  model  contained  occupation  and 
current  alcohol  use. 

The  unadjusted  and  adjusted  Model  2  results  did  not  show  a  significant  association 
between  C4  complement  and  initial  dioxin  (Table  13-56(c,d):  p> 0.64  for  both  analyses). 
Lifetime  alcohol  history  was  the  only  covariate  in  the  final  model. 

Examination  of  the  unadjusted  and  adjusted  Model  3  results  did  not  reveal  a  significant 
difference  between  any  of  the  Ranch  Hand  categories  and  the  Comparison  group  (Table 
13-56(e,f):  p>0.53  for  all  contrasts).  The  final  model  contained  occupation  and  current 
alcohol. 

The  unadjusted  and  adjusted  analyses  for  Models  4  through  6  did  not  show  a  significant 
association  between  C4  complement  and  current  dioxin  (Table  13-56(g,h);  p>0.42  for  all 
analyses).  Lifetime  alcohol  history  was  the  only  covariate  in  each  of  the  adjusted  analyses. 

Haptoglobin  (Continuous) 

The  unadjusted  Model  1  analysis  revealed  a  significant  overall  group  difference  in  the 
mean  levels  of  haptoglobin  (Table  13-57(a);  p=0.004).  The  mean  level  of  haptoglobin  was 
higher  for  the  Ranch  Hands  than  for  Comparisons  (114.81  mg/dl  vs.  109.17  mg/dl). 
Stratifying  the  unadjusted  analysis  by  occupation  uncovered  a  significant  group  difference 
within  the  enlisted  groundcrew  stratum  (p=0.015).  For  the  enlisted  groundcrew,  the  mean 
level  of  haptoglobin  was  higher  for  the  Ranch  Hands  than  for  the  Comparisons  (119.29 
mg/dl  vs.  112.20  mg/dl). 

After  covariate  adjustment,  the  overall  group  contrast  remained  significant  (Table 
13-57(b):  p=0.016).  Similarly,  the  enlisted  groundcrew  group  contrast  remained  significant 
when  the  adjusted  Model  1  analysis  was  stratified  by  occupation  (p =0.034).  The  final  model 
contained  race,  occupation,  and  four  covariate-by-covariate  interactions:  age-by-lifetime 
alcohol  history,  lifetime  alcohol  history-by-current  alcohol  use,  current  alcohol  use-by- 
industrial  chemical  exposure,  and  current  alcohol  use-by-degreasing  chemical  exposure. 

The  unadjusted  Model  2  results  did  not  reveal  a  significant  association  between 
haptoglobin  and  initial  dioxin  (Table  13-57(c):  p= 0.326).  Initial  dioxin-by-age  and  initial 
dioxin-by-lifetime  alcohol  history  were  significant  interactions  in  the  adjusted  Model  2 
analysis  (Table  13-57(d):  p=0.016  and  p=0.023  respectively).  Appendix  Table  1-2-41 
presents  adjusted  results  stratified  separately  by  age  and  lifetime  alcohol  history.  The  final 
model  also  included  race  and  the  age-by-occupation  interaction.  The  adjusted  analysis  did 
not  show  a  significant  association  between  haptoglobin  and  initial  dioxin  when  the  two  initial 
dioxin-by-covariate  interactions  were  removed  from  the  final  model  (Table  13-57(d): 
p=0.452). 
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Table  13-56. 

Analysis  of  C4  Complement 
ODiscrete) 


a)  MODEL  1:  JRANCH  HAM>S  VS.  COMPARISONS  —  UNADJUSTED 


Occupational  Gategory 

Group 

n  ■ 

Percent 

Low 

Est.  Relative  Risk 
(95%C.I.) 

p-Value 

All 

Ranch  Hand 

939 

0.6 

0.89  (0.32,2.51) 

0.999 

Comparison 

1,253 

0.7 

Officer 

Ranch  Hand 

361 

0.8 

1.37  (0.28,6.85) 

0.999 

Comparison 

495 

0.6 

Enlisted  Flyer 

Ranch  Hand 

162 

0.6 

0.24  (0.03,2.05) 

0.315 

Comparison 

196 

2.6 

Enlisted  Groundcrew 

Ranch  Hand 

416 

0.5 

2.71  (0.24,29.99) 

0.793 

Comparison 

562 

0.2 

b)  MODEL  1:  RAN^CH  HANDS  VS. 

GbMPiARKONS 

^ADJUSTED 

Adj.  Rdative  Risk 

Occupational  Category 

(95%  C.I.) 

p-Vahie 

Covariate  Remarks^ 

All 

0.86  (0.30,2.44) 

0.775 

OCC  (p=0.037) 

Officer 

1.41  (0.28,7.02) 

0.677 

ALC(p=0.111) 

Enlisted  Flyer 

0.23  (0.03,1.95) 

0.177 

Enlisted  Groundcrew 

2.73  (0.24,30.55) 

0.415 

Covariates  and  associated  p-values  correspond  to  final  model  based  on  all  participants  with  available  data. 


13-283 


Table  13-56.  (Continued) 
Analysis  of  C4  Complement 
(Discrete) 


c)  MODEL  2;  RANCH  HANDS  -  INITIAL  DIOXIN  -  UNADJUSTED 


initial  Dioxin  Cat^oiy  Stunmary  Statistics 

Analysis  Results  for  Log^  (Initial  Dioxin)® 

Initial  Dioxin 

n 

Percent 

Low 

Esdmated  Rdative  Risk 
(95%C.L)^ 

p-Value 

Low 

173 

0.0 

1.20  (0.56,2.58) 

0.644 

Medium 

170 

1.2 

High 

172 

0.6 

d)  MODEL  2;  RANCH  HANDS  -^  INITIAL  DIOXIN  —  ADJUSTED _ 

Analysis  Results  for  Logj  (butial  Dioxin)'^ 

n  Adj.  Relative  Risk  (95%  C.L)**  p-Valne  Covariate  Ronarics 

502  1.18  (0.52,2.65) _ 0.695 _ DRKYR  (p  =0.1 18) 

®  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 

^  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 

Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  "Covariate  Remarks"  column. 

Note:  Low  =  39-98  ppt;  Medium  =  >98-232  ppt;  High  =  >232  ppt. 
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Table  13-56.  (Continued) 
Analysis  of  C4  Complement 
(Discrete) 


e)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  —  UNADJUSTED 


Dioxin  Category 

n 

Percent 

Low 

£st.  Relative  Risk 
^  (95%CX)‘* 

p-Value 

Comparison 

1,043 

0.8 

Background  RH 

369 

0.8 

1.00  (0.26,3.85) 

0.997 

LowRH 

257 

0.8 

0.98  (0.20,4.66) 

0.977 

HighRH 

258 

0.4 

0.51  (0.06,4.17) 

0.530 

Low  plus  High  RH 

515 

0.6 

0.75  (0.20,2.88) 

0.676 

1)  MODEL  3  : 

RANCH  HAJSDS  A^  COMPARISONS  BY  DIOXIN  CATEGORY  —  ADJUSTED 

Dioxin  Cat^ry 

n 

Adj.  Relative  Risk 
(95%  C  J.)“ 

p-Value 

Covariate  Ronarks 

Comparison 

1,027 

OCC(p=0.117) 

ALC  (p =0.120) 

Background  RH 

367 

0.96  (0.24,3.78) 

0.954 

LowRH 

254 

0.85  (0.17,4.11) 

0.838 

HighRH 

254 

0.55  (0.06,4.75) 

0.585 

Low  plus  High  RH 

508 

0.72  (0.18,2.87) 

0.644 

®  Relative  risk  and  confidence  interval  relative  to  Comparisons. 

^  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 

^  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  "Covariate  Remarks"  column. 

Note:  RH  =  Ranch  Hand. 

Comparison:  Current  Dioxin  <  10  ppt. 

Backgroimd  (Ranch  Hand):  Current  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  Current  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  143  ppt. 

High  (Ranch  Hand):  Current  Dioxin  >  10  ppt.  Initial  Dioxin  >  143  ppt. 
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Table  13-56.  (Continued) 
Analysis  of  C4  Complement 
(Discrete) 


g)  MODELS  4,  5,  AND  6:  RANCH  HANDS  -  CURRENT  DIOXIN  -  UNADJUSTED 

Current  Dioxin  Category 

Analysis  Results  for  Log2 

Percent  Low/(n) 

.  (Current  Dioxin  +  I) 

Est.  Rdative  Risk 

ModeP 

Low 

Medium 

High 

(95%C.L)'’ 

p-Value 

4 

1.0 

0.3 

0.7 

0.86  (0.48,1.54) 

0.608 

(290) 

(298) 

(296) 

5 

1.0 

0.7 

0.3 

0.83  (0.53,1.31) 

0.430 

(294) 

(297) 

(293) 

6<= 

1.0 

0.7 

0.3 

0.94  (0.56,1.56) 

0.808 

(293) 

(297) 

(293) 

h)  MODELS  4,  5,  AND  6:  RANCH  HANDS  ^ 

CURRENT  DIOXIN  —  ADJUSTED 

Analysis  Results  for  Logi  ^Cnirent  IMoxin  +  1) 

Adj.  Relative  RisR^  '^ 

Model^ 

n 

(95%C.L)*’ 

p-Value 

Covariate  Remarks 

4 

864 

0.86  (0.48,1.53) 

0.595 

DRKYR  (p  =0.099) 

5 

864 

0.82  (0.51,1.32) 

0.421 

DRKYR  (p  =0.098) 

6'^ 

863 

0.91  (0.54,1.54) 

0.732 

DRKYR  (p =0.129) 

“  Model  4:  Log2  (lipid-adjusted  current  dioxin  -1-1). 

Model  5:  Log2  (whole-weight  current  dioxin  -t-  1). 

Model  6:  Log2  (whole-weight  current  dioxin  1),  adjusted  for  log2  total  lipids. 


Relative  risk  for  a  twofold  increase  in  current  dioxin. 

Adjusted  for  log2  total  lipids. 

**  Adjusted  for  log2  total  lipids  in  addition  to  covariates  specified  under  "Covariate  Remarks"  column. 

Note:  Model  4:  Lxiw  =  ^  8.1  ppt;  Medium  =  >8.1-20.5  ppt;  High  =  >20.5  ppt. 

Models  5  and  6:  Low  =  <  46  ppq;  Medium  =  >46-128  ppq;  High  =  >  128  ppq. 
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Table  13-57. 

Analysis  of  Haptoglobin  (mg/dl) 
(Continuous) 


_  a)  MODEL  1;  RANCH  HAM)S  VS.  COMPARISONS  —  UNADJUSTED 

Occupational  IMffwence  of  Means 


Category 

Group 

u 

Mean 

(95%  C.I.) 

p-Value 

All 

Ranch  Hand 
Comparison 

939 

1,253 

114.81 

109.17 

5.64  (1.77,9.51) 

0.004 

Officer 

Ranch  Hand 
Comparison 

361 

495 

105.72 

101.97 

3.75  (-2.19,9.69) 

0.216 

Enlisted  Flyer 

Ranch  Hand 
Comparison 

162 

196 

123.56 

118.67 

4.89  (-5.38,15.16) 

0.351 

Enlisted  Groundcrew 

Ranch  Hand 
Comparison 

416 

562 

119.29 

112.20 

7.09  (1.37,12.80) 

0.015 

t 


b)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS  —  ADJUSTED 


Occupational 

Adj. 

Difra*ence  of  Adj. 

Cat^ory 

Group 

n 

Mean 

Means  (95%  C.L) 

p-Value 

Covariate  Remarks^ 

All 

Ranch  Hand 

917 

110.05 

4.69  (0.88,8.50) 

0.016 

RACE(p=0.011) 

Comparison 

1,232 

105.36 

OCC  (p <0.001) 

Officer 

Ranch  Hand 
Comparison 

357 

487 

97.01 

93.56 

3.45  (-2.65,9.55) 

0.267 

AGE*DRKYR  (p=0.016) 
DRKYR*ALC  (p =0.001) 
ALC*IC  (p  =0.039) 

Enlisted  Flyer 

Ranch  Hand 

156 

115.13 

3.56  (-5.84,12.97) 

0.458 

ALC*DC  (p =0.032) 

Comparison 

195 

111.57 

Enlisted 

Ranch  Hand 

404 

117.54 

6.20  (0.47,11.93) 

0.034 

Groundcrew 

Comparison 

550 

111.35 

^  Covariates  and  associated  p-values  correspond  to  final  model  based  on  all  participants  with  available  data. 
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Table  13-57.  (Continued) 
Analysis  of  Haptoglobin  (mg/dl) 
(Continuous) 


c)  MODEL  2;  RANCH  HANDS  -  INITIAL  DIOXIN  —  UNADJUSTED 


Initial  Dioxin  Category  Summary  Statistics 

Analysis  Results  for  Logj  (Initial  Dioxin)® 

Initial  Dioxin 

n 

Mean 

Adj. 

Mean^ 

R* 

Slope 

(Std.  Error) 

p-Value 

Low 

173 

109.58 

109.89 

0.006 

1.4844  (1.5109) 

0.326 

Medium 

170 

118.71 

118.80 

High 

172 

119.34 

118.94 

d)  MODEL  2;  RANCH  HANDS  —  INITIAL  DIOXIN  —  ADJUSTED 


Initial  Dioxin  Category  Summary 
Statistics 


Analysis  Results  for  Log2  (Initial  Dioxin)® 


Initial  Dioxin 

n 

Adj- 

Mean^* 

Adj.  Slope 

R^  (Std.  Error)  p-V^ue 

Covariate  Remarks 

Low 

170 

100.74** 

0.087  -1.3155  (1.7467)**  0.452** 

INIT*AGE  (p=0.016) 
INIT*DRKYR  (p=0.023) 

Medium 

165 

105.94** 

RACE  (p  =0.025) 

High 

167 

102.60** 

AGE*OCC  (p=0.003) 

®  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 


Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  "Covariate  Remarks"  column. 


**  Log2  (initial  dioxin)-by-covariate  interaction  (0.01  <p  <0.05);  adjusted  mean,  adjusted  slope,  standard 
error,  and  p-value  derived  from  a  model  fitted  after  deletion  of  this  interaction;  refer  to  Appendix 
Table  1-2-41  for  further  analysis  of  this  interaction. 

Note;  Low  =  39-98  ppt;  Medium  =  >98-232  ppt;  High  =  >232  ppt. 
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Table  13-57.  (Continued) 
Analysis  of  Haptoglobin  (mg/dl) 
(Continuous) 


e)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  —  UNADJUSTED 

Differeiice  of  Adj. 


Adj. 

Mean  vs.  Comparisons 

Dioxin  Categoty 

n 

Mean 

Mean^ 

(95%  C.I.) 

p-Vaiue 

Comparison 

1,043 

109.08 

109.08 

Background  RH 

369 

110.88 

111.26 

2.18  (-3.20,7.56) 

0.427 

Low  RH 

257 

113.07 

112.73 

3.65  (-2.49,9.79) 

0.244 

HighRH 

258 

118.63 

118.43 

9.35  (3.21,15.50) 

0.003 

Low  plus  High  RH 

515 

115.85 

115.58 

6.50  (1.74,11.26) 

0.007 

f)  MODEL  3: 

RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  -  ADJUSTED 

DiDerence  of  Adj. 

Adj. 

Mean  vs*  Comparisons 

Dioxin  Cat^ory 

n 

Mean^ 

(95%C.L) 

p-Value 

Covariate  Remariss 

Comparison 

1,025 

103.77 

RACE  (p=0.006) 

OCC(p <0.001)  ’ 

Background  RH 

362 

109.06 

5.29  (-0.12,10.71) 

0.056 

AGE*DRKYR  (p =0.012) 

LowRH 

251 

105.79 

2.02  (-4.05,8.10) 

0.514 

ALC*DRKYR  (p  <0.001) 
ALC*IC  (p=0.021) 

HighRH 

251 

109.06 

5.29  (-0.99,11.57) 

0.099 

ALC*DC  (p =0.012) 

Low  plus  High  RH 

502 

107.42 

3.66  (-1.10,8.41) 

0.132 

^  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 


^  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  "Covariate  Remarks"  column. 

Note:  RH  =  Ranch  Hand. 

Comparison:  Current  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  Current  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  Current  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  143  ppt. 

High  (Ranch  Hand):  Current  Dioxin  >  10  ppt,  Initial  Dioxin  >  143  ppt. 


13-289 


Table  13-57.  (Continued) 
Analysis  of  Haptoglobin  (mg/dl) 
(Continuous) 


g)  MODELS  4,  5,  AND  6;  RANCH  HANDS  -  CURRENT  DIOXIN  -  UNADJUSTED 


Gurrent  Dioxin  Category 
Mean/(n) 

Ajialysis  Results  for  Log2 
(Currait  Dioxin  -t-  1) 

Model® 

Low 

Medium 

High 

Slope 

(Std.  Error) 

p-Value 

4 

110.66 

(290) 

113.40 

(298) 

117.21 

(296) 

1.3757 

(1.0196) 

0.178 

5 

111.37 

110.68 

119.32 

1.3748 

0.117 

(294) 

(297) 

(293) 

(0.8754) 

6^ 

112.56 

(293) 

110.81 

(297) 

117.83 

(293) 

0.7333 

(0.9404) 

0.436 

h)  MODELS  4,  5,  AND  6:  RANCH  HANDS  -  CDRRim'  DIOXIN  -  ADJUSTED 


Model® 

Current  Dioxin  Category 
Adjusted  Mean/(n) 

Low  Medium  High 

R^ 

Analysis  Results  for  Logj 
(Current  Dioxin  -f-  1) 

Adj.  Slope 

(ad.  Error)  p-Value  Covariate  Remarks 

4 

108.80 

(287) 

106.90 

(290) 

105.11 

(287) 

0.062 

-1.3884 

(1.1494) 

0.227 

AGE  (p  <0.001) 

RACE  (p  =0.016) 

OCC  (p<  0.001) 

DRKYR  (p =0.036) 

IC  (p =0.042) 

DC  (p =0.042) 

5  ^ 

109.52 

(290) 

104.40 

(290) 

108.29 

(284) 

0.061 

-0.9036 

(0.9707) 

0.352 

AGE  (p  <0.001) 

RACE  (p=0.017) 

OCC  (p  <0.001) 

DRKYR  (p =0.037) 

IC  (p=0.042) 

DC  (p =0.041) 

6" 

111.11 

(289) 

104.98 

(290) 

107.14 

(284) 

0.066 

-1.5966 

(1.0468) 

0.128 

AGE  (p =0.001) 

RACE  (p  =0.024) 

OCC  (p  <0.001) 

DRKYR  (p  =0.046) 

IC  (p =0.044) 

DC  (p =0.053) 

^  Model  4:  Log2  (lipid-adjusted  current  dioxin  +1). 

Model  5:  Log2  (whole-weight  current  dioxin  +  1). 

Model  6:  Log2  (whole- weight  current  dioxin  -1-1),  adjusted  for  log2  total  lipids. 

Adjusted  for  log2  total  lipids. 

^  Adjusted  for  log2  total  lipids  in  addition  to  covariates  specified  under  "Covariate  Remarks"  column. 

Note:  Model  4:  Low  =  <  8.1  ppt;  Medium  =  >8.1-20.5  ppt;  High  =  >20.5  ppt. 

Models  5  and  6:  Low  =  <  46  ppq;  Medium  =  >46-128  ppq;  High  =  >128  ppq. 
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The  unadjusted  Model  3  analysis  revealed  the  high  Ranch  Hands  and  the  low  plus  high 
Ranch  Hands  to  be  significantly  different  from  the  Comparisons  (Table  13-57(e):  p =0.003 
and  p=0.007  respectively).  The  mean  levels  of  haptoglobin,  adjusted  for  percent  body  fat  at 
the  time  of  duty  in  SEA  and  the  change  in  percent  body  fat  from  the  time  of  duty  in  SEA  to 
the  date  of  &e  blood  draw  for  dioxin,  for  the  Comparisons,  high  Ranch  Hands,  and  low  plus 
high  Ranch  Hands  were  109.08  mg/dl,  118.63  mg/dl,  and  115.85  mg/dl  respectively. 

After  adjusting  for  race,  occupation,  age-by  lifetime  alcohol  history,  current  alcohol 
use-by  lifetime  alcohol  history,  current  alcohol  use-by-industrial  chemical  exposure,  and 
current  alcohol  use-by-degreasing  chemical  exposure,  both  the  background  Ranch  Hand 
category  mean  haptoglobin  and  the  high  Ranch  Hand  category  mean  haptoglobin  were 
marginally  higher  than  the  Comparison  group  mean  (Table  13-57(f):  p=0.056  and  p=0.099 
respectively).  The  adjusted  means  were  103.77  mg/dl,  109.06  mg/dl,  and  109.06  mg/dl  for 
the  Comparison  group,  the  background  Ranch  Hands  and  the  high  Ranch  Hands  respectively. 
The  low  plus  high  versus  Comparison  group  contrast  became  nonsignificant  after  covariate 
adjustment  (p=0.132). 

The  change  in  results  between  the  unadjusted  and  adjusted  analyses  was  primarily  due  to 
adjustment  for  occupation.  Removing  occupation  from  the  adjusted  model  led  to  results 
consistent  with  the  unadjusted  analysis.  The  high  Ranch  Hand  category  versus  the 
Comparison  group  contrast  and  the  low  plus  high  Ranch  Hand  category  versus  the 
Comparison  group  contrast  were  both  significant  (Appendix  Table  1-3-44:  p =0.003  and 
p =0.017  respectively),  while  neither  the  background  Ranch  Hand  category  nor  the  low 
Ranch  Hand  category  versus  Comparison  group  contrasts  were  significant  (p>0.37  for  both 
contrasts). 

The  unadjusted  and  adjusted  analyses  for  Models  4  through  6  did  not  reveal  a  significant 
association  between  haptoglobin  and  current  dioxin  (Table  13-57(g,h):  p>  0.11  for  all 
analyses).  Each  of  the  adjusted  analyses  contained  age,  race,  occupation,  lifetime  alcohol 
history,  industrial  chemical  exposure,  and  degreasing  chemical  exposure. 

Haptoglobin  (Discrete) 

The  unadjusted  and  adjusted  Model  1  analyses  did  not  reveal  a  significant  group 
difference  in  the  percentage  of  participants  having  high  haptoglobin  levels  (Table  13-58(a,b): 
p>0.11  for  all  contrasts).  The  adjusted  Model  1  analysis  contained  age,  degreasing 
chemical  exposure,  lifetime  alcohol  history,  and  the  occupation-by-industrial  chemical 
exposure  interaction. 

Examination  of  the  unadjusted  Model  2  results  did  not  reveal  a  significant  association 
between  haptoglobin  and  initial  dioxin  (Table  13-58(c):  p=0.617).  Initial  dioxin-by 
occupation  and  initial  dioxin-by-lifetime  alcohol  history  were  significant  interactions  in  the 
adjusted  Model  2  analysis  (Table  13-58(d):  p =0.024  and  p=0.032  respectively).  Appendix 
Table  1-2-42  presents  adjusted  results  stratified  separately  by  occupation  and  lifetime  alcohol 
history.  The  final  model  also  included  race.  The  adjusted  analysis  did  not  show  a 
significant  association  between  haptoglobin  and  initial  dioxin  when  the  two  initial  dioxin-by¬ 
covariate  interactions  were  removed  from  the  final  model  (p =0.918). 
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Table  13-58. 
Analysis  of  Haptoglobin 
(Discrete) 


a)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS  -  UNADJUSTED 


Occupational  Category 

Group 

n 

Percent 

High 

. .  Est.  Rdative  Risk 
(95%  C.I.) 

p-Value 

AU 

Ranch  Hand 

939 

13.5 

1.24  (0.96,1.61) 

0.110 

Comparison 

1,253 

11.2 

Officer 

Ranch  Hand 

361 

9.7 

1.07  (0.67,1.71) 

0.856 

Comparison 

495 

9.1 

Enlisted  Flyer 

Ranch  Hand 

162 

18.5 

1.21  (0.70,2.10) 

0.592 

Comparison 

196 

15.8 

Enlisted  Groundcrew 

Ranch  Hand 

416 

14.9 

1.36(0.94,1.98) 

0.127 

Comparison 

562 

11.4 

b)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS  —  ADJUSTED 

Occupational  Categoiy 

Adj.  Relative  Risk 
(95%  C.I.) 

p-Value 

Covariate  Remaiks^ 

An 

1.20  (0.92,1.56) 

0.181 

AGE  (p  <0.001) 

Officer 

1.10(0.68,1.77) 

0.690 

DC  (p=0.080) 

DRKYR  (p=0.021) 

Enlisted  Flyer 

1.10  (0.62,1.94) 

0.755 

OCC*IC  (p =0.006) 

Enlisted  Groundcrew 

1.32(0.90,1.93) 

0.157 

*  Covariates  and  associated  p-values  correspond  to  final  model  based  on  all  participants  with  available  data. 
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Table  13-58.  (Continued) 
Analysis  of  Haptoglobin 
(Discrete) 


c)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  -  UNADJUSTED 


Initial  Dioxin  Categoiy  Summary  Statistics 

Analysis  Results  for  Logj  (biitiai  Dioxin)^ 

Initial  Dioxin 

n 

Percent 

High 

Estimated  Rdatire  jRisk 
(95%  C.I.)^  ' 

P“VaIue 

Low 

173 

9.2 

1.05  (0.87,1.27) 

0.617 

Medium 

170 

15.9 

High 

172 

15.7 

d)  MODEL  2;  RANCH  HANDS  -  INITIAL  DIOXIN  - 

-  ADJUSTED 

Analysis  Results  for  Logj  (Initial  Dioxin)*^ 

n 

Adj,  Relive  Risk  (95%  C.!.)**  p-Valne 

Covariate  Remarks 

502 

1.01  (0.81,1.27)**  0.918** 

INIT*OCC  (p =0.024) 
INIT*DRKYR  (p=0.032) 
RACE  (p=0. 121) 

®  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 

^  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 

'  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  "Covariate  Remarks"  column. 

**  Log2  (initial  dioxm)-by-covariate  interactions  (0.01  <p<0.05);  adjusted  relative  risk,  confidence  interval, 
and  p-value  derived  from  a  model  fitted  after  deletion  of  these  interactions;  refer  to  Appendix  Table  1-2-42 
for  forther  analysis  of  these  interactions. 

Note;  Low  =  39-98  ppt;  Medium  =  >98-232  ppt;  High  =  >232  ppt. 
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Table  13-58.  (Continued) 
Analysis  of  Haptoglobin 
(Discrete) 


e)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  — 

UNADJUSTED 

Dioxin  Category 

n 

Percent 

High 

Est.  Rdative  Risk 
(95%  C.L)*^ 

p-Vaiue 

Comparison 

1,043 

11.2 

Background  RH 

369 

12.2 

1.08  (0.74,1.56) 

0.696 

LowRH 

257 

12.1 

1.08  (0.71,1.64) 

0.730 

HighRH 

258 

15.1 

1.44  (0.97,2.14) 

0.068 

Low  plus  High  RH 

515 

13.6 

1.25  (0.91,1.73) 

0.164 

f)  MODEL  3: 

RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  —  ADJUSTED 

Adj«  Relative  Risk 

Dioxin  Category 

n 

(95%  CJ.)®" 

p-Value 

Covariate  Remarics 

Comparison 

1,025 

AGE  (p <0.001) 

DC  (p  =0.1 16) 

Background  RH 

362 

1.17(0.80,1.73) 

0.417 

OCC*IC  (p =0.035) 
ALC*DRKYR  (p =0.042) 

LowRH 

251 

0.93  (0.59,1.45) 

0.735 

HighRH 

251 

1.32  (0.87,2.00) 

0.196 

Low  plus  High  RH 

502 

1.11  (0.80,1.55) 

0.536 

®  Relative  risk  and  confidence  interval  relative  to  Comparisons. 

*’  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 

^  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  "Covariate  Remarks"  column. 

Note;  RH  =  Ranch  Hand. 

Comparison:  Current  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  Current  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  Current  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  143  ppt. 

High  (Ranch  Hand):  Current  Dioxin  >  10  ppt.  Initial  Dioxin  >  143  ppt. 
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Table  13-58.  (Continued) 
Analysis  of  Haptoglobin 
(Discrete) 


g)  MODELS  4,  5,  AND  6:  RANCH  HANDS  —  CURRENT  DIOXIN  —  UNADJUSTED 


Current  Dioxin  Category 
Percent  ifigh/(n) 

Analysis  Results  for  Log2 
(Current  Dioxin +  1) 

Model® 

Low 

Medium 

High 

Est.  Rdative  Risk 
(95%  C.!.)” 

p-Value 

4 

11.1 

(298) 

14.2 

(296) 

0.98  (0.86,1.12) 

0.800 

5 

13.9 

(294) 

9.4 

(297) 

15.7 

(293) 

1.00(0.89,1.12) 

0.999 

6^^ 

14.0 

(293) 

9.4 

(297) 

15.7 

(293) 

0.95  (0.84,1.08) 

0.440 

h)  MODELS  4,  5,  6:  RANCH  HANDS  —  CURRENT  DIOXIN  —  ADJUSTED 


Analysis  Results  for  Log2  (CuiTent  Diox^  +1) 

Model® 

Adj  .  Relative  Risk 

p-Value 

Covariate  Remaiiss 

4 

864 

0.88  (0.76,1.03) 

0.110 

AGE  (p=0.021) 

OCC  (p =0.002) 

DRKYR  (p =0.009) 

5 

864 

0.93  (0.82,1.06) 

0.288 

AGE(p=0.011) 

OCC  (p=0.002) 

ALC*DRKYR  (p =0.033) 

6“ 

863 

0.87  (0.76,1.00) 

0.044 

AGE  (p =0.027) 

OCC  (p =0.002) 

DRKYR  (p=0.011) 

*  Model  4:  Log2  (lipid-adjusted  current  dioxin  +  1). 

Model  5:  Log2  (whole-weight  current  dioxin  +  1). 

Model  6:  Log2  (whole-weight  current  dioxin  +  1),  adjusted  for  log2  total  lipids. 

*’  Relative  risk  for  a  twofold  increase  in  current  dioxin. 

Adjusted  for  log2  total  lipids. 

**  Adjusted  for  log2  total  lipids  in  addition  to  covariates  specified  under  "Covariate  Remarks"  column. 

Note;  Model  4:  Low  =  <  8.1  ppt;  Medium  =  >8.1-20.5  ppt;  High  =  >20.5  ppt. 

Models  5  and  6:  Low  =  <  46  ppq;  Medium  =  >46-128  ppq;  High  =  >  128  ppq. 
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The  unadjusted  Model  3  analysis  detected  a  marginally  significant  difference  between 
the  high  Ranch  Hands  and  the  Comparison  group  (Table  13-58(e):  p =0.068,  Est.  RR=1.44, 
95%  C. I.  =  [0.97,  2.14]).  The  percentages  of  individuals  with  high  haptoglobin  levels  was 
higher  for  the  high  Ranch  Hands  than  for  the  Comparisons  (15.1%  vs.  11.2%). 

After  covariate  adjustment,  the  Model  3  analysis  did  not  show  any  of  the  Ranch  Hand 
categories  to  be  significantly  different  from  the  Comparison  group  (Table  13-58(f):  p>0.19 
for  all  contrasts).  The  adjusted  Model  3  analysis  contained  age,  degreasing  chemical 
exposure,  and  two  covariate-by-co variate  interactions:  occupation-by-industrial  chemical 
exposure  and  current  alcohol  use-by-lifetime  alcohol  history. 

When  occupation  was  removed  from  the  final  model,  the  adjusted  results  matched  the 
unadjusted  results.  The  adjusted  analysis  found  a  marginally  significant  difference  between 
the  high  Ranch  Hand  category  and  the  Comparison  group  after  occupation  was  removed  from 
Model  3  (Appendix  Table  I-3-45(b):  p=0.065,  Adj.  RR=1.47,  95%  C. I.  =  [0.98,  2.22]). 

The  unadjusted  analyses  for  Models  4  through  6  did  not  reveal  a  significant  association 
between  haptoglobin  and  current  dioxin  (Table  13-58(g):  p>0.44  for  all  analyses).  For 
Models  4  and  5,  the  association  between  haptoglobin  and  current  dioxin  remained 
nonsignificant  in  the  adjusted  analyses  (Table  13-58(h):  p>0.11  for  both  analyses). 

However,  the  Model  6  adjusted  analysis  revealed  a  significant  association  between 
haptoglobin  and  current  dioxin  (Table  13-58(h):  p=0.044,  Adj.  RR=0.87,  95%  C. I.  =  [0.76, 
1.00]).  Models  4  and  6  were  adjusted  for  age,  occupation,  and  lifetime  alcohol  history. 
Model  5  was  adjusted  for  age,  occupation,  and  the  current  alcohol  use-by-lifetime  alcohol 
history  interaction. 

For  Model  6,  removing  occupation  changed  the  adjusted  results.  Without  occupation, 
the  adjusted  Model  6  analysis  did  not  show  a  significant  association  between  haptoglobin  and 
current  dioxin  (Appendix  Table  I-3-45(c):  p=0.517). 

Transferrin  (Continuous) 

The  unadjusted  Model  1  analysis  showed  that  Ranch  Hands  had  a  significantly  higher 
mean  level  of  transferrin  than  Comparisons  (Table  13-59(a):  p=0.042,  295.29  mg/dl  vs. 
291.65  mg/dl).  Stratifying  the  unadjusted  analysis  by  occupation  revealed  a  significant  group 
difference  within  the  enlisted  groundcrew  stratum  (Table  13-59(a):  p=0.016).  For  the 
enlisted  groundcrew,  the  mean  level  of  transferrin  was  higher  for  Ranch  Hands  than  for 
Comparisons  (Table  13-59(a):  298.92  mg/dl  vs.  292.43  mg/dl). 

The  overall  group  contrast  remained  significant  in  the  adjusted  Model  1  analysis  (Table 
13-59(b):  p=0.040).  Similarly,  the  group  contrast  for  the  enlisted  groundcrew  remained 
significant  in  the  stratified  adjusted  analysis  (Table  13-59(b):  p =0.031).  The  ftnal  model 
contained  race,  current  alcohol  use,  and  three  covariate-by-covariate  interactions:  age-by¬ 
occupation,  age-by-degreasing  chemical  exposure,  and  lifetime  alcohol  history-by-degreasing 
chemical  exposure. 
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Table  13-59. 

Analysis  of  Transferrin  (mg/dl) 
(Continuous) 


-  a)  MODEL  1;  RANCH  HANDS  VS.  COMPARISONS  -  UNADJUSTED 
Occupational  Difference  of  Means 


Category 

Group 

n 

Mean® 

(95%  C.I.)** 

p-Value*^ 

All 

Ranch  Hand 

939 

295.29 

3.64- 

0.042 

Comparison 

1,253 

291.65 

Officer 

Ranch  Hand 

361 

292.34 

3.35  - 

0.231 

Comparison 

495 

289.00 

Enlisted  Flyer 

Ranch  Hand 

162 

292.64 

-3.53  - 

0.443 

Comparison 

196 

296.18 

Enlisted  Groundcrew 

Ranch  Hand 

416 

298.92 

6.49  - 

0.016 

Comparison 

562 

292.43 

b)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS  -  ADJUSTED 

Occupational 

Adj. 

Difference  of  Adj. 

Cat^ory 

Group 

n 

Mean^ 

Means  (95%  C.I.)^ 

p-Vaiue"^ 

Covariate  Remarks^ 

AU 

Ranch  Hand 

917 

288.88 

3.60- 

0.040 

RACE  (p =0.001) 

Comparison 

1,232 

285.27 

ALC  (p =0.077) 

Officer 

Ranch  Hand 
Comparison 

357 

487 

287.22 

283.03 

4.20  - 

0.132 

AGE*OCC  (p =0.033) 
AGE*DC  (p  =0.003) 
DRKYR*DC  (p=0.023) 

Enlisted  Flyer 

Ranch  Hand 

156 

285.86 

-3.52  ~ 

0.417 

Comparison 

195 

289.37 

Enlisted 

Ranch  Hand 

404 

290.98 

5.71  - 

0.031 

Groundcrew 

Comparison 

550 

285.27 

*  Transfonned  from  natural  logarithm  scale. 

’’  Difference  of  means  after  transformation  to  original  scale;  confidence  interval  on  difference  of  means  not 
presented  because  analysis  was  performed  on  natural  logarithm  scale. 

®  P-values  based  on  difference  of  means  on  natural  logarithm  scale. 

^  Covariates  and  associated  p-values  correspond  to  final  model  based  on  all  participants  with  available  data. 
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Table  13-59.  (Continued) 
Analysis  of  Transferrin  (mg/dl) 
(Continuous) 


c)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  —  UNADJUSTED 


initial  Dioxin  Category  Summary  Statistics 

Analysis  Results  for  Log^  Hnitial  Dioxin)*’ 

Initial  Dioxin 

n 

Mean^ 

Adj. 

Mean®*’ 

R^ 

Slope 

(Std,  Error)*^ 

p-Value 

Low 

173 

296.56 

296.63 

0.003 

0.0047  (0.0045) 

0.297 

Medium 

170 

297.61 

297.55 

High 

172 

301.84 

301.83 

d)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  -  ADJUSTED 


Initial  Dioxin  Category  Summary 
Statistics 


Analysis  Results  for  Logj  (Initial  Dioxin)** 


Initial  Dioxin 

n 

Adj. 

Mean^* 

R^ 

Adj.  Slope 
(Std.  Error)' 

p-Value 

Covariate  Remarks 

Low 

171 

295.51** 

0.035 

0.0032  (0.0052)** 

0.532** 

INIT*OCC  (p=0.049) 

INIT*1C  (p =0.049) 

Medium 

167 

294.59** 

ALC  (p  =0.054) 

High 

170 

298.77** 

DC  (p =0.136) 

^  Transformed  from  natural  logarithm  scale. 

Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 

Slope  and  standard  error  based  on  natural  logarithm  of  transferrin  versus  log2  (initial  dioxin). 

Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  imder  "Covariate  Remarks"  column. 

**  Logj  (initial  dioxm)-by-covariate  interaction  (0.01  <p<0.05);  adjusted  means,  adjusted  slope,  standard 
error,  and  p-value  derived  from  a  model  fitted  after  deletion  of  this  interaction;  refer  to  Appendix 
Table  1-2-43  for  further  analysis  of  this  interaction. 

Note:  Low  =  39-98  ppt;  Medium  =  >98-232  ppt;  High  =  >232  ppt. 
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Table  13-59.  (Continued) 
Analysis  of  Transferrin  (mg/dl) 
(Continuous) 


e)  MODEL  3;  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  —  UNADJUSTED 

Dinermce  of  Adj. 


Dioxin  Category 

n 

Mean^ 

Adj. 

Mean®’’ 

Mean  vs.  Comparisons 
(95%  C.I.)'’ 

p-Value** 

Comparison 

1,043 

291.28 

291.27 

Background  RH 

369 

291.13 

290.82 

-0.45  - 

0.859 

Low  RH 

257 

296.72 

297.13 

5.86  - 

0.044 

HighRH 

258 

300.61 

300.68 

9.40  - 

0.001 

Low  plus  High  RH 

515 

298.66 

298.90 

7.63  ~ 

0.001 

f)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXm  CATEGORY —  ADJUSTED 


Difference  of  Adj. 


Dioxin  Category 

Adj. 

Mean  vs.  Cmnparisons 
(95%  C.I.)' 

p- Value* 

Comparison 

1,025 

286.52 

Background  RH 

362 

287.12 

0.60  ~ 

0.812 

Low  RH 

251 

292.58 

6.06  - 

0.035 

HighRH 

251 

295.17 

8.65  ~ 

0.003 

Low  plus  High  RH 

502 

293.87 

7.35  ~ 

0.001 

Covariate  Remarks 


RACE  (p=0.023) 
ALC  (p =0.036) 
AGE*DC  (p=0.004) 
DRKYR*DC  (p =0.005) 


®  Transformed  from  natural  logarithm  scale. 

**  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 

^  Difference  of  adjusted  means  after  transformation  to  original  scale;  confidence  interval  on  difference  of 
adjusted  means  not  presented  because  analysis  was  performed  on  natural  logarithm  scale. 

**  P-value  is  based  on  difference  of  means  on  natural  logarithm  scale. 

®  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  "Covariate  Remarks"  column. 

Note:  RH  =  Ranch  Hand. 

Comparison:  Current  Dioxin  ^  10  ppt. 

Background  (Ranch  Hand):  Current  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  Current  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  143  ppt. 

High  (Ranch  Hand):  Current  Dioxin  >  10  ppt.  Initial  Dioxin  >  143  ppt. 
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Table  13-59.  (Continued) 
Analysis  of  Transferrin  (mg/dl) 
(Continuous) 


g)  MODELS  4,  5,  AND  6:  RANCH  HANDS  -  CURRENT  DIOXIN  -  UNADJUSTED 


Model” 

Current  Dioxin  Category 

Mean®'/(n) 

Low  Medium  Ifigh 

Analysis  Results  for  Logj 
(Current  IHoxin  +1) 

Slope 

(Std.  Eiror)*^  p-Value 

4 

291.95 

294.49 

300.03 

0.007 

0.0101 

0.001 

(290) 

(298) 

(296) 

(0.0031) 

5 

290.61 

294.43 

301.58 

0.018 

0.0108 

<0.001 

(294) 

(297) 

(293) 

(0.0027) 

6“ 

292.66 

294.62 

299.36 

0.030 

0.0074 

0.009 

(293) 

(297) 

(293) 

(0.0028) 

h)  MODELS  4,  5, 

AND  6:  RANCH  HANDS  -  CD] 

RRPPDIOX] 

[N- ADJISTED 

Model” 

Current  Dioxin  Category 
Adjusted  MeanV(n) 

Low  Medium  High 

R' 

Analysis  Results  for  Log^ 

(CioT^l  Dioxin  +1) 

AdJ.  Slope 

(Std.  Error)'  p-Vadue  Covariate  Remarks 

4 

288.85 

(287) 

290.57 

(290) 

294.58 

(287) 

0.042 

0.0090 

(0.0036) 

0.012 

RACE*ALC  (p=0.014) 
OCC*DC  (p=0.021) 
DRKYR*DC  (p =0.038) 

5 

287.59 

(290) 

290.65 

(290) 

296.72 

(284) 

0.047 

0.0102 

(0.0030) 

0.001 

RACE*ALC  (p=0.015) 
OCC*DC  (p=0.020) 
DRKYR*DC  (p=0.032) 

6^ 

290.35 

(289) 

291.45 

(290) 

294.80 

(284) 

0.057 

0.0066 

(0.0032) 

0.040 

RACE*ALC  (p=0.024) 
OCC*DC  (p =0.013) 
DRKYR*DC  (p=0.031) 

^  Transformed  from  natural  logarithm  scale, 

^  Model  4:  Log2  (lipid-adjusted  current  dioxin  +  1). 

Model  5:  Log2  (whole-weight  current  dioxin  +  1). 

Model  6:  Log2  (whole-weight  current  dioxin  +1),  adjusted  for  log2  total  lipids. 

^  Slope  and  standard  error  based  on  natural  logarithm  of  transferrin  versus  log2  (current  dioxin  +  1). 
^  Adjusted  for  log2  total  lipids. 

®  Adjusted  for  log2  total  lipids  in  addition  to  covariates  specified  under  "Covariate  Remarks"  column. 

Note:  Model  4: 

Models  5 


Low  =  <  8.1  ppt;  Medium  =  >8.1-20.5  ppt;  High  =  >20.5  ppt. 
and  6:  Low  =  <  46  ppq;  Medium  =  >46-128  ppq;  High  =  >128  ppq. 
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The  unadjusted  Model  2  results  did  not  reveal  a  significant  association  between 
transferrin  and  initial  dioxin  (Table  13-59(c):  p=0.297).  Initial  dioxin-by-occupation  and 
initial  dioxin-by-industrial  chemical  exposure  were  significant  interactions  in  the  adjusted 
analysis  of  Model  2  (Table  13-59(d):  p =0.049  for  both  interactions).  Appendix  Table  1-2-43 
displays  adjusted  results  stratified  separately  by  occupation  and  industrial  chemical  exposure. 
In  addition  to  the  two  initial  dioxin-by-covariate  interactions,  the  final  model  also  included 
current  alcohol  use  and  degreasing  chemical  exposure.  The  adjusted  Model  2  analysis  did 
not  show  a  significant  association  between  transferrin  and  current  dioxin  after  the  two  initial 
dioxin-by-covariate  interactions  were  removed  from  the  final  model  (Table  13-59(d); 
p=0.532). 

The  unadjusted  Model  3  analysis  showed  the  low  Ranch  Hands,  high  Ranch  Hands,  and 
low  plus  high  Ranch  Hands  to  be  significantly  different  from  the  Comparison  group  (Table 
13-59(e):  p=0.044,  p=0.001,  and  p=0.001  respectively).  The  mean  levels  of  transferrin, 
adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  the  change  in  percent  body  fat 
from  the  time  of  duty  in  SEA  to  the  date  of  the  blood  draw  for  dioxin,  for  the  Comparisons, 
low  Ranch  Hands,  high  Ranch  Hands,  and  low  plus  high  Ranch  Hands  were  291.27  mg/dl, 
297.13  mg/dl,  300.68  mg/dl,  and  298.90  mg/dl  respectively. 

The  adjusted  Model  3  result  corresponded  to  the  unadjusted  results.  The  adjusted 
results  revealed  significant  contrasts  for  the  low  Ranch  Hands,  high  Ranch  Hands,  and  low 
plus  high  Ranch  Hands  (Table  13-59(f):  p=0.035,  p=0.003,  and  p=0.001  respectively). 

The  final  model  contained  race,  current  alcohol  use,  and  two  covariate-by-covariate 
interactions:  age-by-degreasing  chemical  exposure  and  lifetime  alcohol  history-by-degreasing 
chemical  exposure. 

Examination  of  the  unadjusted  results  for  Models  4  through  6  revealed  a  significant 
association  between  transferrin  and  current  dioxin  for  all  three  models  (Table  13-59(g): 
p=0.001,  Est.  Slope=0.0101;  p<0.001,  Est.  Slope=0.0108;  and  p =0.009,  Est. 
Slope=0.0074  for  Models  4,  5,  and  6  respectively). 

The  association  between  transferrin  and  current  dioxin  remained  significant  in  each  of 
the  adjusted  analyses  for  Models  4  through  6  (Table  13-59(h):  p =0.012,  Adj. 

Slope=0.0090;  p=0.001,  Adj.  Slope=0.0102;  and  p=0.040,  Adj.  Slope=0.0066  for 
Models  4,  5,  and  6  respectively).  All  of  the  adjusted  analyses  contained  three  covariate-by¬ 
covariate  interactions:  race-by-current  alcohol  use,  occupation-by-degreasing  chemical 
exposure,  and  lifetime  alcohol  histoiy-by-degreasing  chemical  exposure. 

Transferrin  (Discrete) 

The  unadjusted  Model  1  analysis  did  not  reveal  a  significant  group  difference  in  the 
percentage  of  individuals  with  low  transferrin  levels  (Table  13-60(a):  p>0.11  for  all 
contrasts).  The  interaction  between  group  and  lifetime  alcohol  history  was  significant  in  the 
adjusted  Model  1  analysis  (Table  13-60(a):  p=0.007).  Appendix  Table  1-2-44  displays 
adjusted  results  stratified  by  lifetime  alcohol  history.  In  addition  to  the  group-by-lifetime 
alcohol  history  interaction,  the  final  model  also  included  race,  current  alcohol  use,  and  two 
covariate-by-covariate  interactions:  age-by-degreasing  chemical  exposure  and  degreasing 
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Table  13-60. 
Analysis  of  Transferrin 
(Discrete) 


a)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS  —  UNADJUSTED 


Occupational  Category 

Group 

n 

Percent 

Low 

Est.  Relative  Risk 
(95%  C.I.) 

p-Value 

All 

Ranch  Hand 

939 

11.9 

0.82  (0.64,1.06) 

0.149 

Comparison 

1,253 

14.1 

Officer 

Ranch  Hand 

361 

12.2 

0.78  (0.52,1.16) 

0.255 

Comparison 

495 

15.2 

Enlisted  Flyer 

Ranch  Hand 

162 

16.7 

1.25  (0.70,2.23) 

0.540 

Comparison 

196 

13.8 

Enlisted  Groundcrew 

Ranch  Hand 

416 

9.9 

0.71  (0.47,1.06) 

0.117 

Comparison 

562 

13.3 

COMPARISONS  —  ADJUSTED 


Occupattoriai  Category 

Adj.  Relative  Risk 
(95%C.L) 

p-Value 

Covariate  Reoiarks^ 

All 

0.81  (0.63,1.06)** 

0.120** 

GROUP*DRKYR  (p  =0.007) 
RACE  (p =0.003) 

Officer 

0.74  (0.49,1.11)** 

0.144** 

ALC  (p=0.001) 

Enlisted  Flyer 

1.21  (0.67,2.20)** 

0.524** 

AGE*DC  (p  =0.010) 
DC*DRKYR  (p=0.004) 

Enlisted  Groundcrew 

0.74  (0.49,1.12)** 

0.153** 

^  Covariates  and  associated  p-values  correspond  to  final  model  based  on  all  participants  with  available  data. 


**  Group-by-covariate  interaction  (p<0.05);  adjusted  relative  risk,  confidence  interval,  and  p-value  derived 
from  a  model  fitted  after  deletion  of  this  interaction;  refer  to  Appendix  Table  1-2-44  for  further  analysis  of 
this  interaction. 
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Table  13-60.  (Continued) 
Analysis  of  Transferrin 
(Discrete) 


c)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  -  UNADJUSTED 


initial  Dioxin  Category  Summary  Statistics 

Analysis  Results  for  Log2  (Initial  Dioxin)^ 

Initial  Dioxin 

n 

Percent 

Low 

Estimated  Rdative  Risk 
{95%C.L)^ 

p-Value 

Low 

173 

10.4 

0.91  (0.72,1.14) 

0.403 

Medium 

170 

10.6 

High 

172 

8.1 

d)  MODEL  2:  RANCH  HANDS  INITL4L IW 

)XIN  --ADJUSTED 

Analysis  Results  for  I^gy  CIniti^^ 

ioxin)%'^-':^v^:r:'\:'^ 

n 

A^j.  Rdative  Risk  (95% 

Cdvanate  Remarks 

508 

0.94  (0.72,1.22)  0.630 

OCC*DC  (p=0.021) 
OCC*ALC  (p=0.025) 

^  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 

^  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 

Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  "Covariate  Remarks"  column. 

Note:  Low  =  39-98  ppt;  Medium  =  >98-232  ppt;  High  =  >232  ppt. 
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Table  13-60.  (Continued) 
Analysis  of  Transferrin 
(Discrete) 


e)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  — 

UNADJUSTED 

Dioxin  Category 

n 

Percent 

Low 

Est.  Relative  Risk 
(95%  C.L)=* 

p-Value 

Comparison 

1,043 

14.7 

Background  RH 

369 

14.1 

0.97  (0.69,1.37) 

0.863 

Low  RH 

257 

10.5 

0.67  (0.43,1.03) 

0.071 

High  RH 

258 

8.9 

0.56  (0.36,0.90) 

0.015 

Low  plus  High  RH 

515 

9.7 

0.62  (0.44,0.87) 

0.005 

f)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  -  ADJUSTED 


Dioxin  Category 

n 

Adj.  Relative  Risk 

"f:;(95%'^Ca.)“= 

ixp-Value 

Covaiiate  Rmiarks 

Comparison 

Background  RH 

1,025 

362 

0.94  (0.66,1.34)** 

0.730** 

DXCAT*DRKYR  (p  =0.033) 

RACE  (p =0.024) 

ALC  (p<0.001) 

DC*AGE  (p=0.008) 

Low  RH 

251 

0.64  (0.41,1.00)** 

0.052** 

DC*DRKYR  (p=0.010) 

HighRH 

251 

0.61  (0.38,0.98)** 

0.042** 

Low  plus  High  RH 

502 

0.63  (0.44,0.89)** 

0.009** 

®  Relative  risk  and  confidence  interval  relative  to  Comparisons. 

Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 

Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  "Covariate  Remarks"  column. 

**  Categorized  dioxin-by-covariate  interaction  (0.01  <p<0.05);  adjusted  relative  risk,  confidence  interval,  and 
p-value  derived  from  a  model  fitted  after  deletion  of  this  interaction;  refer  to  Appendix  Table  1-2-44  for 
further  analysis  of  this  interaction. 

Note:  RH  =  Ranch  Hand. 

Comparison:  Current  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  Current  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  Current  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  143  ppt. 

High  (Ranch  Hand):  Current  Dioxin  >  10  ppt.  Initial  Dioxin  >  143  ppt. 
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Table  13-60.  (Continued) 
Analysis  of  Transferrin 
(Discrete) 


g).MODELS  4,  5,  AND  6:  RANCH  HANDS  —  CURRENT  DIOXIN  —  UNADJUSTED 


Current  Dioxin  Cati^ory 
Percent  Low/(n) 

Analysis  Results  for  Log2 
(Cuirent  Dioxin  +  T) 

Moder 

Low 

Medium 

High 

Est .  Rdative  Risk 
(95%  C.!.)” 

p-Value 

4 

12.4 

(290) 

12.4 

(298) 

9.8 

(296) 

0.86(0.75,1.00) 

0.049 

5 

12.9 

(294) 

12.1 

(297) 

9.6 

(293) 

0.89(0.79,1.00) 

0.053 

6^ 

13.0 

(293) 

12.1 

(297) 

9.6 

(293) 

0.88  (0.77,1.00) 

0.048 

h)  MODELS  4v  5,  AND  6:  RANCH  HANDS  —  CURRENT  DIOXEV  —  ADJUSTED 


Model^ 

n 

Analysis  Results  for  Log2  (Current  Dioxin  +1) 

Adj.  Relative  Risk 

(95%  C.L)**  p-Value  Covariate  Remarks 

4 

864 

0.84  (0.71,0.99) 

0.043 

OCC*DC  (p =0.031) 

IC*DRKYR  (p =0.020) 

AGE*DC  (p =0.019) 

DC*DRKYR  (p  <0.001) 

5 

864 

0.86  (0.75,0.99) 

0.041 

OCC*DC  (p =0.030) 

IC*DRKYR  (p =0.019) 

AGE*DC  (p =0.020) 

DC*DRKYR  (p  <0.001) 

6^ 

863 

0.85  (0.73,0.99) 

0.039 

OCC*DC  (p =0.032) 

IC*DRKYR  (p =0.019) 

AGE*DC  (p =0.020) 

DC*DRKYR  (p  <0.001) 

“  Model  4:  Log2  (lipid-adjusted  current  dioxin  +1). 

Model  5:  Logj  (whole-weight  current  dioxin  +  1). 

Model  6:  Log2  (whole-weight  current  dioxin  -I-  1),  adjusted  for  log2  total  lipids. 

**  Relative  risk  for  a  twofold  increase  in  current  dioxin. 

Adjusted  for  log2  total  lipids. 

Adjusted  for  log2  total  lipids  in  addition  to  covariates  specified  imder  "Covariate  Remarks"  column. 

Note:  Model  4:  Low  =  <  8.1  ppt;  Medium  =  >8.1-20.5  ppt;  High  =  >20.5  ppt. 

Models  5  and  6:  Low  =  <  46  ppq;  Medium  =  >46-128  ppq;  High  =  >  128  ppq. 
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chemical  exposure-by-lifetime  alcohol  history.  The  adjusted  Model  1  analysis  did  not  reveal 
a  significant  group  contrast  when  the  group-by-lifetime  alcohol  history  interaction  was 
removed  from  the  final  model  (Table  13-60(b):  p>0.12  for  all  contrasts). 

The  unadjusted  Model  2  results  did  not  show  a  significant  association  between 
transferrin  ^d  initial  dioxin  (Table  13-60(c,d):  p>0.40  for  both  analyses).  The  adjusted 
Model  2  analysis  contained  two  covariate-by-covariate  interactions:  occupation-by¬ 
degreasing  chemical  exposure  and  occupation-by-current  alcohol  use. 

The  unadjusted  Model  3  analysis  showed  that  the  high  Ranch  hands  and  low  plus  high 
Ranch  Hands  had  significantly  fewer  low  abnormalities  than  the  Comparisons  (Table 
13-60(e):  p=0.015,  Est.  RR=0.56,  95%  C.I.  =  [0.36,  0.90];  p=0.005,  Est.  RR=0.62,  95% 
C. I.  =[0.44,  0.87])  and  that  the  low  Ranch  Hands  had  marginally  fewer  abnormalities  than 
the  Comparisons  (Table  13-60(f):  p=0.071,  Est.  RR=0.67,  95%  C. I.  =[0.43,  1.03]). 

Categorized  dioxin-by-lifetime  alcohol  history  was  a  significant  interaction  in  the 
adjusted  analysis  of  Model  3  (Table  13-60(f):  p=0.033).  Appendix  Table  1-2-44  presents 
adjusted  results  stratified  by  lifetime  alcohol  history.  The  final  model  also  included  race, 
current  alcohol  use,  and  two  covariate-by-covariate  interactions:  degreasing  chemical 
exposure-by-age  and  degreasing  chemical  exposure-by-lifetime  alcohol  history.  When  the 
categorized  dioxin-by-lifetime  alcohol  history  interaction  was  removed  from  the  final  model, 
the  adjusted  Model  3  results  paralleled  the  unadjusted  results.  The  adjusted  analysis  revealed 
significant  contrasts  for  the  high  Ranch  Hands  and  the  low  plus  high  Ranch  Hands  (Table 
13-60(f):  p=0.042,  Adj.  RR=0.61,  95%  C.I.=[0.38,  0.98];  p=0.009,  Adj.  RR=0.63,  95% 
C.I.  =  [0.44,  0.89]). 

The  mean  levels  of  transferrin  from  the  continuous  analysis  were  generally  higher  for 
the  Ranch  Hands  than  for  the  Comparisons,  while  the  relative  risks  from  the  Model  3 
discrete  analysis  of  transferrin  were  less  than  1.00.  These  results  are  consistent  because  low 
levels  of  transferrin  are  considered  abnormal. 

The  unadjusted  analyses  for  Models  4  and  6  detected  a  significant  inverse  association 
between  transferrin  and  current  dioxin  (Table  13-60(g):  p=0.049,  Est.  RR=0.86,  95% 

C.I.  =  [0.75,  1.00]  and  p=0.048,  Adj.  RR=0.88,  95%  C.I.  =  [0.77,  1.00]).  For  Model  5, 
the  unadjusted  analysis  revealed  a  marginally  significant  inverse  association  between 
transferrin  and  current  dioxin  (Table  13-60(g):  p=0.053,  Est.  RR=0.89,  95%  C.I.=[0.79, 
1.00]). 

Each  of  the  adjusted  analyses  for  Models  4  through  6  revealed  a  significant  inverse 
association  between  transferrin  and  current  dioxin  (Table  13-60(h):  p=0.043,  Adj. 
rr=0.84,  95%  C.I.  =  [0.71,  0.99];  p=0.041,  Adj.  RR=0.86,  95%  C.I.=[0.75,  0.99];  and 
p=0.039,  Adj.  RR=0.85,  95%  C.I.  =  [0.73,  0.99]  for  Models  4,  5,  and  6  respectively).  All 
of  the  adjusted  analyses  contained  four  covariate-by-covariate  interactions:  occupation-by¬ 
degreasing  chemical  exposure,  industrial  chemical  exposure-by-lifetime  alcohol  history,  age- 
by-degreasing  chemical  exposure,  and  degreasing  chemical  exposure-by-lifetime  alcohol 
history. 
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Removing  occupation  from  the  analyses  of  Models  4  through  6  caused  the  association 
between  transferrin  and  current  dioxin  to  become  nonsignificant  in  Models  4  and  5 
(Appendix  Table  I-3-47(b):  p>0.10  for  both  analyses)  and  to  become  marginally  significant 
in  Model  6  (Appendix  Table  I-3-47(b):  p=0.098,  Adj.  RR=0.89,  95%  C.I.=[0.77,  1.02]). 

The  iialyses  of  Models  4  through  6  for  transferrin  in  its  continuous  form  found  a 
significant  positive  association  with  current  dioxin.  By  contrast,  the  analyses  of  Models  4 
through  6  for  transferrin  in  its  discrete  form  with  occupation  uncovered  a  significant  inverse 
association  with  current  dioxin.  The  results  are  consistent  because  low  levels  of  transferrin 
are  considered  abnormal. 

Longitudinal  Analysis 

Longitudinal  analyses  were  conducted  on  seven  variables  (AST,  ALT,  GGT, 
cholesterol,  HDL  cholesterol,  cholesterol-HDL  ratio,  and  triglycerides)  in  both  their  discrete 
and  continuous  forms  to  examine  whether  changes  over  time  differed  with  respect  to  group 
membership  (Model  1),  initial  dioxin  (Model  2),  and  categorized  dioxin  (Model  3).  Models 
4,  5,  and  6  were  not  examined  in  the  longitudinal  analyses  because  current  dioxin  is  the 
measure  of  exposure  in  these  models,  changes  over  time,  and  is  not  available  for  all 
participants  for  1982,  1985,  or  1992.  For  all  seven  variables,  the  longitudinal  analyses 
investigated  the  differences  between  the  1982  examination  and  the  1992  examination.  The 
measurement  procedure  used  in  1992  (Paramax*)  differed  from  the  measurement  procedure 
used  in  the  previous  three  exammations  (AC A).  The  effect  of  this  change  m  methods  was 
minimal  and  is  discussed  further  in  Chapter  7,  Statistical  Methods. 

The  continuous  longitudinal  analyses  examined  the  paired  differences  between  the 
measurements  from  1982  and  1992.  These  paired  differences  measured  the  change  in  the 
seven  variables  over  time.  Each  of  the  three  models  used  in  the  longitudinal  analysis 
adjusted  for  age  and  the  1982  measurement  of  the  variable  being  analyzed.  The  analyses  of 
Models  2  and  3  also  were  adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  the 
change  in  the  percent  body  fat  from  the  time  of  duty  in  SEA  to  the  date  of  the  blood  draw 
for  dioxin. 

The  discrete  longitudinal  analyses  examined  relative  risks  at  the  1992  examination  for 
participants  who  were  classified  as  normal  at  the  1982  examination.  Participants  considered 
abnormal  in  1982  were  excluded  because  the  focus  of  the  analyses  was  on  investigating  the 
temporal  effects  of  dioxin  during  the  period  between  1982  and  1992.  Participants  considered 
abnormal  in  1982  were  already  abnormal  before  this  period;  consequently,  only  participants 
considered  normal  at  the  1982  examination  were  considered  to  be  at  risk  when  the  effects  of 
dioxin  over  time  were  explored.  The  rate  of  abnormalities  under  this  restriction 
approximates  an  incidence  rate  between  1982  and  1992.  All  three  models  were  adjusted  for 
age;  Models  2  and  3  also  were  adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and 
the  change  in  the  percent  body  fat  from  the  time  of  duty  in  SEA  to  the  data  of  the  blood 
draw  for  dioxin. 
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Laboratory  Examination  Variables 

AST  (Continuous) 

In  the  Model  1  analysis,  examination  of  the  paired  differences  between  1982  and  1992 
for  AST  did  not  reveal  a  significant  group  difference  (Table  13-6 1(a):  p>0.12  for  all 
contrasts).  The  Model  2  analysis  did  not  show  a  significant  association  between  the  paired 
differences  and  initial  dioxin  (Table  13-61(b):  p=0.486).  For  Model  3,  the  longitudinal 
analysis  did  not  show  any  of  the  Ranch  Hand  categories  to  be  significantly  different  from  the 
Comparison  group  (Table  13-61(c):  p>0.13  for  all  contrasts). 

AST  (Discrete) 

The  analysis  for  Model  1  did  not  reveal  a  significant  group  difference  in  the  percentage 
of  individuals  with  high  AST  levels  for  participants  who  had  normal  AST  levels  in  1982 
(Table  13-62(a):  p>0.45  for  all  contrasts).  Examination  of  the  Model  2  longitudinal  results 
did  not  reveal  a  significant  association  between  initial  dioxin  and  the  percentage  of 
individuals  having  high  AST  levels  (Table  13-62(b):  p=0.637).  Similarly,  the  Model  3 
analysis  did  not  detect  a  significant  difference  between  any  of  the  Ranch  Hand  categories  and 
the  Comparison  group  (Table  13-62(c):  p>0.20  for  all  contrasts). 

In  both  the  Ranch  Hand  and  Comparison  cohorts,  the  percentage  of  participants  with 
high  AST  levels  showed  a  marked  decrease  between  1982  and  1992.  This  decrease  between 
1982  and  1992  may  partially  be  attributed  to  the  change  in  definition  of  an  abnormal  high 
AST  level  between  the  1982  and  1992  examinations.  AST  abnormalities  for  the  1982,  1985, 
1987,  and  1992  examinations  were  defined  as  greater  than  41  U/L,  47  U/L,  47  U/L,  and  50 
U/L  respectively.  Regardless  of  how  the  definition  of  abnormality  varied  over  time,  the 
change  in  AST  over  time  was  similar  in  both  Ranch  Hands  and  Comparisons  in  Models  1 
and  3  and  was  not  associated  with  dioxin  levels  in  Model  2. 

ALT  (Continuous) 

The  longitudinal  analysis  of  Model  1  did  not  show  a  significant  group  difference  in  the 
mean  paired  differences  (Table  13-63(a):  p>0.12  for  all  contrasts).  The  Model  2  results  did 
not  reveal  a  significant  association  between  initial  dioxin  and  the  paired  differences  (Table 
13-63(b):  p=0.995).  The  Model  3  analysis  did  not  show  a  significant  difference  between 
any  of  the  Ranch  Hand  categories  and  the  Comparison  group  (Table  13-63(c):  p>0.15  for  all 
contrasts). 

ALT  (Discrete) 

The  longitudinal  analysis  of  Model  1  did  not  reveal  a  significant  overall  group 
difference  in  the  percentage  of  individuals  with  high  levels  of  ALT  for  participants  who  had 
normal  ALT  levels  in  1982  (Table  13-64(a):  p=0.299).  However,  the  stratified  occupation 
analysis  detected  a  marginally  significant  adjusted  relative  risk  less  than  1.00  for  the  enlisted 
groundcrew  (p=0.052,  Adj.  RR=0.53,  95%  C.I.=[0.28,  1.00]).  Of  the  enlisted 
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Table  13-61. 

Longitudinal  Analysis  of  AST  (U/L) 
(Continuous) 


a)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS 


Mean^/(n) 

Examination  Exam.  Difference 

Occupational  -  Mean  of  Exam. 


Cat^ory 

Group 

1982 

1985 

1987 

1992 

Change** 

Mean  Change 

p-Value*^ 

All 

Ranch  Hand 

32.47 

(884) 

33.36 

(862) 

25.47 

(855) 

23.09 

(884) 

-9.38 

-0.27 

0.231 

Comparison 

32.76 

(1,038) 

33.49 

(1,014) 

25.49 

(1,008) 

23.66 

(1,038) 

-9.10 

Officer 

Ranch  Hand 

32.49 

(332) 

34.00 

(326) 

25.99 

(327) 

23.72 

(332) 

-8.76 

0.19 

0.661 

Comparison 

33.29 

(398) 

33.63 

(390) 

25.98 

(384) 

24.33 

(398) 

-8.96 

Enlisted  Flyer 

Ranch  Hand 

31.81 

(158) 

32.33 

(156) 

24.32 

(153) 

21.31 

(158) 

-10.49 

-0.80 

0.122 

Comparison 

32.66 

(169) 

33.54 

(166) 

24.90 

(167) 

22.96 

(169) 

-9.69 

Enlisted 

Groundcrew 

Ranch  Hand 

32.73 

(394) 

33.23 

(380) 

25.50 

(375) 

23.31 

(394) 

-9.41 

-0.40 

0.723 

Comparison 

32.37 

(471) 

33.35 

(458) 

25.29 

(457) 

23.36 

(471) 

-9.01 

®  Transfomed  from  natural  logarithm  scale. 

**  Difference  between  1992  and  1982  examination  means  after  transformation  to  original  scale. 

P-value  is  based  on  analysis  of  natural  logarithm  of  AST;  results  adjusted  for  natural  logarithm  of  AST  in 
1982  and  age  in  1992. 

Note:  Summary  statistics  for  1985  are  provided  for  reference  purposes  for  participants  who  attended  the 

Baseline,  1985,  and  1992  examinations.  Summary  statistics  for  1987  are  provided  for  reference  purposes 
for  participants  who  attended  the  Baseline,  1987,  and  1992  examinations. 
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Table  13-61.  (Continued) 
Longitudinal  Analysis  of  AST  (U/L) 
(Continuous) 


b)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN 


Initial  Dioxin  Category  Summary  Statistics 

Analysis  Results  for  Logj 
(Initial  Dioxin)*’ 

Initial 

Dioxin 

MeanV(n) 

Examination 

Adj.  Slope 

(Std.  Error)  p-Value 

1982 

1985 

1987 

1992 

Low 

33.18 

(166) 

34.29 

(162) 

25.34 

(165) 

22.48 

(166) 

0.009  (0.013)  0.486 

Medium 

33.43 

(166) 

34.00 

(161) 

25.92 

(162) 

23.39 

(166) 

High 

33.37 

(166) 

33.33 

(163) 

26.12 

(160) 

23.76 

(166) 

®  Transformed  from  natural  logarithm  scale. 

Results  based  on  difference  between  natural  logarithm  of  AST  in  1992  and  natural  logarithm  of  AST  in  1982 
versus  logj  (initial  dioxin);  results  adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  the  change  in 
percent  body  fat  from  the  time  of  duty  in  SEA  to  the  date  of  blood  draw  for  dioxin,  namral  logarithm  of  1982 
AST,  and  age  in  1992. 

Note:  Low  =  39-98  ppt;  Medium  =  >98-232  ppt;  High  =  >232  ppt. 

Summary  statistics  for  1985  are  provided  for  reference  purposes  for  participants  who  attended  the 
Baseline,  1985,  and  1992  examinations.  Summary  statistics  for  1987  are  provided  for  reference 
purposes  for  participants  who  attended  the  Baseline,  1987,  and  1992  examinations. 
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Table  13-61.  (Continued) 
Longitudinal  Analysis  of  AST  (U/L) 
(Continuous) 


c)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY 
Mean®/(n) 

Examination  '  ^  _  Di^rence  of 

-  Exam.  Exam. 


Dioxin  Category 

1982 

1985 

1987 

1992 

Mean  Change*’ 

Mean  Change 

p-Valne' 

Comparison 

32.73 

(896) 

33.45 

(884) 

25.54 

(883) 

23.59 

(896) 

-9.13 

Background  RH 

31.39 

(335) 

32.61 

(332) 

25.06 

(330) 

22.87 

(335) 

-8.52 

0.61 

0.899 

Low  RH 

33.09 

(247) 

34.42 

(241) 

25.67 

(245) 

23.25 

(247) 

-9.84 

-0.71 

0.384 

High  RH 

33.56 

(251) 

33.34 

(245) 

25.90 

(242) 

23.16 

(251) 

-10.40 

-1.27 

0.140 

Low  plus  High  RH 

33.33 

(498) 

33.87 

(486) 

25.79 

(487) 

23.21 

(498) 

-10.12 

-0.99 

0.132 

®  Transformed  from  natural  logarithm  scale. 

^  Difference  between  1992  and  1982  examination  means  after  transformation  to  original  scale. 

P-value  is  based  on  analysis  of  natural  logarithm  of  AST;  results  adjusted  for  percent  body  fat  at  the  time  of 
duty  in  SEA,  the  change  in  percent  body  fat  from  the  time  of  duty  in  SEA  to  the  date  of  the  blood  draw  for 
dioxin,  natural  logarithm  of  AST  in  1982,  and  age  in  1992. 

Note:  RH  =  Ranch  Hand. 

Comparison:  Current  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  Current  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  Current  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  :£  143  ppt. 

High  (Ranch  Hand):  Current  Dioxin  >  10  ppt,  Initial  Dioxin  >  143  ppt. 

Summary  statistics  for  1985  are  provided  for  reference  purposes  for  participants  who  attended  the 
Baseline,  1985,  and  1992  examinations.  Summary  statistics  for  1987  are  provided  for  reference 
purposes  for  participants  who  attended  the  Baseline,  1987,  and  1992  examinations. 
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Table  13-62. 

Longitudinal  Analysis  of  AST 
(Discrete) 


a)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS 

Occupational 

Category 

Percent  IR^(n) 
Ehcamination 

Group 

1982 

1985 

1987 

1992 

All 

Ranch  Hand 

11.8 

6.5 

4.0 

2.8 

(884) 

(862) 

(855) 

(884) 

Comparison 

13.1 

7.4 

3.5 

3.7 

(1,038) 

(1,014) 

(1,008) 

(1,038) 

Officer 

Ranch  Hand 

10.5 

8.0 

4.9 

3.9 

(332) 

(326) 

(327) 

(332) 

Comparison 

14.6 

6.4 

4.4 

4.3 

(398) 

(390) 

(384) 

(398) 

Enlisted  Flyer 

Ranch  Hand 

11.4 

5.1 

2.6 

1.3 

(158) 

(156) 

(153) 

(158) 

Comparison 

13.0 

8.4 

3.6 

3.6 

(169) 

(166) 

(167) 

(169) 

Enlisted 

Ranch  Hand 

12.9 

5.8 

3.7 

2.5 

Groundcrew 

(394) 

(380) 

(375) 

(394) 

Comparison 

11.9 

7.9 

2.6 

3.2 

(471) 

(458) 

(457) 

(471) 

Occupational 

Cat^ory 

Group 

Normal  in  1982 

Percent  High 

n  in  1992  in  1992  % 

iAdj.  Rdative  Risk 
(95%  C.I.)=* 

p-Value® 

All 

Ranch  Hand 

780 

1.8 

0.73  (0.37,1.44) 

0.360 

Comparison 

902 

2.4 

Officer 

Ranch  Hand 

297 

1.7 

0.63  (0.21,1.89) 

0.408 

Comparison 

340 

2.7 

Enlisted  Flyer 

Ranch  Hand 

140 

1.4 

0.70  (0.11,4.25) 

0.696 

Comparison 

147 

2.0 

Enlisted 

Ranch  Hand 

343 

2.0 

0.85  (0.32,2.26) 

0.744 

Groundcrew 

Comparison 

415 

2.4 

“  Relative  risk,  confidence  interval,  and  p-values  are  in  reference  to  a  contrast  of  1982  and  1992  results;  results 
adjusted  for  age  in  1992. 


Note:  .Summary  statistics  for  1985  are  provided  for  reference  purposes  for  participants  who  attended  the 

Baseline,  1985,  and  1992  examinations.  Summary  statistics  for  1987  are  provided  for  reference  purposes 
for  participants  who  attended  the  Baseline,  1987,  and  1992  examinations.  Statistical  analyses  are  based 
only  on  participants  who  had  a  normal  AST  level  in  1982  (see  Chapter  7,  Statistical  Methods). 
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Table  13-62.  (Continued) 
Longitudinal  Analysis  of  AST 
(Discrete) 


b)  MODEL  2: 

RANCH  HANDS  -  INTIIAL  DIOXIN 

Percent  High/(n) 

Examination 

miiiai 

Dioxin 

1982 

1985 

1987 

1992 

Low 

12.1 

7.4 

4.2 

2.4 

(166) 

(162) 

(165) 

(166) 

Medium 

19.3 

6.2 

2.5 

3.0 

(166) 

(161) 

(162) 

(166) 

High 

13.9 

8.6 

5.0 

3.0 

(166) 

(163) 

(160) 

(166) 

Initial  Dioxin  Category  Summary  Statistics 

Analysis  Results  for  Log2  (Initial  Dioxin)^ 

•  Noimal  ln  i982  : 

Initial 

Dioxin 

n  ill  1992 

Percent  High 
in  1992 

iiif; 

p-Value 

Low 

146 

1.4 

1.13  (0.68,1.90) 

0.637 

Medium 

134 

2.2 

High 

143 

2.1 

®  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  the  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  blood  draw  for  dioxin,  and  age  in  1992. 

^  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 

Note:  Low  =  39-98  ppt;  Medium  =  >98-232  ppt;  High  =  >232  ppt. 

Summaiy  statistics  for  1985  are  provided  for  reference  purposes  for  participants  who  attended  the 
Baseline,  1985,  and  1992  examinations.  Summary  statistics  for  1987  are  provided  for  reference  purposes 
for  participants  who  attended  the  Baseline,  1987,  and  1992  examinations.  Statistical  analyses  are  based 
only  on  participants  who  had  a  normal  AST  level  in  1982  (see  Chtpter  7,  Statistical  Methods). 
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Table  13-62.  (Continued) 
Longitudinal  Analysis  of  AST 
(Discrete) 


c)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY 


Percait  E5gh/(n) 

Examination 

Dioxin  Category 

1982 

1985 

1987 

1992 

Comparison 

13.0 

7.0 

3.4 

3.2 

(896) 

(884) 

(883) 

(896) 

Backgroimd  RH 

6.9 

5.1 

4.2 

2.4 

(335) 

(332) 

(330) 

(335) 

LowRH 

12.6 

7.5 

4.1 

3.6 

(247) 

(241) 

(245) 

(247) 

High  RH 

17.5 

7.4 

3.7 

2.0 

(251) 

(245) 

(242) 

(251) 

Low  plus  High  RH 

15.1 

7.4 

3.9 

2.8 

(498) 

(486) 

(487) 

(498) 

Normal  in  1982 

Dioxin  Category 

n in  1992 

Percent  EBgh 
in  1992 

Adj.  Relative  Risk 
(95%  CJ.)®^ 

p-Value** 

Comparison 

780 

2.3 

Background  RH 

312 

1.0 

0.45  (0.13,1.55) 

0.203 

LowRH 

216 

2.3 

0.98  (0.36,2.70) 

0.975 

HighRH 

207 

1.5 

0.61  (0.18,2.12) 

0.438 

Low  plus  High  RH 

423 

1.9 

0.80(0.34,1.87) 

0.609 

^  Relative  risk  and  confidence  interval  relative  to  Comparisons. 

Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  the  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  blood  draw  for  dioxin,  and  age  in  1992. 

Note:  RH  =  Ranch  Hand. 

Comparison:  Current  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  Current  Dioxin  <10  ppt. 

Low  (Ranch  Hand):  Current  Dioxin  >10  ppt,  10  ppt  <  Initial  Dioxin  <143  ppt. 

High  (Ranch  Hand):  Current  Dioxin  >10  ppt,  Initial  Dioxin  >  143  ppt. 

Summary  statistics  for  1985  are  provided  for  reference  piloses  for  participants  who  attended  the 
Baseline,  1985,  and  1992  examinations.  Summary  statistics  for  1987  are  provided  for  reference 
purposes  for  participants  who  attended  the  Baseline,  1987,  and  1992  examinations.  Statistical  analyses 
are  based  only  on  participants  who  had  a  normal  AST  level  in  1982  (see  Qiapter  7 ,  Statistical  Methods). 
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Table  13-63. 

Longitudinal  Analysis  of  ALT  (U/L) 
(Continuous) 


a)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS 


Occupational 

Cat^oiy 

Mean®/(n) 

Examination 

'  Exmn. 
Mean 
Change*’ 

Difference 
of  Exam. 
Mean  Change 

Group 

1982 

1985 

;;  J987 

1992 

p-Value' 

All 

Ranch  Hand 

19.85 

(884) 

21.58 

(862) 

20.51 

(855) 

26.90 

(884) 

7.05 

-0.31 

0.263 

Comparison 

20.37 

(1,038) 

22.43 

(1,014) 

20.59 

(1,008) 

27.74 

(1,038) 

7.37 

Officer 

Ranch  Hand 

19.72 

(332) 

22.10 

(326) 

20.81 

(327) 

26.86 

(332) 

7.13 

0.24 

0.996 

Comparison 

20.40 

(398) 

22.02 

(390) 

20.42 

(384) 

27.30 

(398) 

6.89 

Enlisted  Flyer 

Ranch  Hand 

18.80 

(158) 

20.76 

(156) 

19.69 

(153) 

24.87 

(158) 

6.07 

-0.94 

0.128 

Comparison 

20.57 

(169) 

22.15 

(166) 

20.21 

(167) 

27.59 

(169) 

7.02 

Enlisted 

Groundcrew 

Ranch  Hand 

20.38 

(394) 

21.48 

(380) 

20.60 

(375) 

27.79 

(394) 

7.41 

-0.49 

0.482 

Comparison 

20.27 

(471) 

22.89 

(458) 

20.88 

(457) 

28.17 

(471) 

7.90 

^  Transformed  from  natural  logarithm  scale. 

^  Difference  between  1992  and  1982  examination  means  after  transformation  to  original  scale. 

^  P-value  is  based  on  analysis  of  natural  logarithm  of  ALT;  results  adjusted  for  natural  logarithm  of  ALT  in 
1982  and  age  in  1992. 

Note:  Summary  statistics  for  1985  are  provided  for  reference  purposes  for  participants  who  attended  the 

Baseline,  1985,  and  1992  examinations.  Summary  statistics  for  1987  are  provided  for  reference  purposes 
for  participants  who  attended  the  Baseline,  1987,  and  1992  examinations. 
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Table  13-63.  (Continued) 
Longitudinal  Analysis  of  ALT  (U/L) 
(Continuous) 


b)  MODEL  2:  RANCH  HANDS  —  INITIAL  DIOXIN 


Initial  Dioxin  Category  Summary  Statistics 

Analysis  Results  for  Logj 
(Initial  Dioxin)^ 

Initial 

Dioxin 

MeanV(n) 

Examination 

Adj.  Slope 

(Std,  Error)  p-Value 

1982 

1985 

1987 

1992 

Low 

20.76 

(166) 

22.12 

(162) 

19.68 

(165) 

26.16 

(166) 

0.00001  (0.015)  0.995 

Medium 

21.89 

(166) 

23.57 

(161) 

22.00 

(162) 

28.45 

(166) 

High 

22.84 

(166) 

23.65 

(163) 

23.35 

(160) 

•  29.50 
(166) 

®  Transformed  from  natural  logarithm  scale. 

**  Results  based  on  difference  between  natural  logarithm  of  ALT  in  1992  and  natural  logarithm  of  ALT  in  1982 
versus  log2  (initial  dioxin);  results  adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  the  change  in 
percent  body  fat  from  the  time  of  duty  in  SEA  to  the  date  of  blood  draw  for  dioxin,  natural  logarithm  of  1982 
ALT,  and  age  in  1992. 

Note:  Low  =  39-98  ppt;  Medium  =  >98-232  ppt;  High  =  >232  ppt. 

Summary  statistics  for  1985  are  provided  for  reference  purposes  for  participants  who  attended  the 
Baseline,  1985,  and  1992  examinations.  Summary  statistics  for  1987  are  provided  for  reference 
purposes  for  participants  who  attended  the  Baseline,  1987,  and  1992  examinations. 
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Table  13-63.  (Continued) 
Longitudinal  Analysis  of  ALT  (U/L) 
(Continuous) 


je)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY 


Mean®/(n) 

Examination  Difference  of 


Dioxin  Cat^ory 

1982 

1985 

1987 

1992 

Exam. 

Mean  Change'’ 

Exam. 

Mean  Change 

p-Value‘ 

Comparison 

20.43 

(896) 

22.58 

(884) 

20.73 

(883) 

27.64 

(896) 

7.22 

Background  RH 

17.34 

(335) 

19.64 

(332) 

19.09 

(330) 

25.24 

(335) 

7.91 

0.69 

0.773 

LowRH 

20.90 

(247) 

22.94 

(241) 

20.49 

(245) 

27.47 

(247) 

6.56 

-0.65 

0.890 

HighRH 

22.75 

(251) 

23.27 

(245) 

22.79 

(242) 

28.54 

(251) 

5.79 

-1.43 

0.152 

Low  plus  High  RH 

21.82 

(498) 

23.10 

(486) 

21.60 

(487) 

28.00 

(498) 

6.19 

-1.03 

0.314 

®  Transformed  from  natural  logarithm  scale. 

*’  Difference  between  1992  and  1982  examination  means  after  transformation  to  original  scale. 

'  P-value  is  based  on  analysis  of  natural  logarithm  of  ALT;  results  adjusted  for  percent  body  fat  at  the  time  of 
duty  in  SEA,  the  change  in  percent  body  fat  from  the  time  of  duty  in  SEA  to  the  date  of  the  blood  draw  for 
dioxin,  namral  logarithm  of  ALT  in  1982,  and  age  in  1992. 

Note:  RH  =  Ranch  Hand. 

Comparison:  Current  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  Current  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  Current  Dioxin  >10  ppt,  10  ppt  <  Initial  Dioxin  <143  ppt. 

High  (Ranch  Hand):  Current  Dioxin  >  10  ppt.  Initial  Dioxin  >  143  ppt. 

Summary  statistics  for  1985  are  provided  for  reference  purposes  for  participants  who  attended  the 
Baseline,  1985,  and  1992  examinations.  Siunmaiy  statistics  for  1987  are  provided  for  reference 
purposes  for  participants  who  attended  the  Baseline,  1987,  and  1992  examinations. 
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Table  13-64. 

Longitudinal  Analysis  of  ALT 
(Discrete) 


a)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS 

Occupational 

Category 

Percent  H[^(n) 
Examination 

Group 

1982 

1985 

1987 

1992 

All 

Ranch  Hand 

7.0 

13.7 

11.9 

5.7 

(884) 

(862) 

(855) 

(884) 

Comparison 

7.4 

14.4 

10.7 

6.8 

(1,038) 

(1,014) 

(1,008) 

(1,038) 

Officer 

Ranch  Hand 

6.6 

16.6 

13.1 

6.3 

(332) 

(326) 

(311) 

(332) 

Comparison 

7.0 

12.8 

11.2 

5.3 

(398) 

(390) 

(384) 

(398) 

Enlisted  Flyer 

Ranch  Hand 

7.0 

10.3 

9.2 

4.4 

(158) 

(156) 

(153) 

(158) 

Comparison 

8.9 

13.9 

8.4 

6.5 

(169) 

(166) 

(167) 

(169) 

Enlisted 

Ranch  Hand 

l.A 

12.6 

12.0 

5.6 

Groundcrew 

(394) 

(380) 

(375) 

(394) 

Comparison 

7.2 

15.9 

11.2 

8.3 

(471) 

(458) 

(457) 

(471) 

Occupational 

Category 

Group 

Non 

n  in  li«>2 

mail  in  1982 

Percent  High 
in  1992 

Adj.  Relative  Risk 
(95%  C  J.)® 

p-V^ue^ 

All 

Ranch  Hand 

822 

4.3 

0.79  (0.51,1.23) 

0.299 

Comparison 

961 

5.3 

Officer 

Ranch  Hand 

310 

5.2 

1.41  (0.68,2.94) 

0.359 

Comparison 

370 

3.8 

Enlisted  Flyer 

Ranch  Hand 

147 

2.7 

0.82(0.22,3.13) 

0.774 

Comparison 

154 

3.3 

Enlisted 

Ranch  Hand 

365 

4.1 

0.53  (0.28,1.00) 

0.052 

Groundcrew 

Comparison 

437 

7.3 

^  Relative  risk,  confidence  interval,  and  p-values  are  in  reference  to  a  contrast  of  1982  and  1992  results,  results 
adjusted  for  age  in  1992. 


Note:  Summary  statistics  for  1985  are  provided  for  reference  purposes  for  participants  who  attended  the 

Baseline,  1985,  and  1992  examinations.  Summary  statistics  for  1987  are  provided  for  reference  purposes 
for  participants  who  attended  the  Baseline,  1987,  and  1992  examinations.  Statistical  analyses  are  based 
only  on  participants  who  had  a  normal  ALT  level  in  1982  (see  Chapter  7,  Statistical  Methods). 
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Table  13-64.  (Continued) 
Longitudinal  Analysis  of  ALT 
(Discrete) 


b)  MODEL  2: 

RANCH  HANDS  -  INITIAL  DIOXIN 

Percait  Higfa/(ti) 

Examination 

JUUUat 

IHoxin 

1982 

1985 

1987 

1992 

Low 

7.8 

13.6 

7.3 

2.4 

(166) 

(162) 

(165) 

(166) 

Medium 

7.2 

14.9 

14.2 

8.4 

(166) 

(161) 

(162) 

(166) 

High 

12.1 

17.2 

16.3 

7.8 

(166) 

(163) 

(160) 

(166) 

Initial  Dioxin  Category  Summaiy  Statistics 

Normal  in  1982 

esnlts  for  L(^  (Initial  Dioxin)^ 

Initial  «?  Percent  lEgh 

Dioxin  n  in  1992  in  1992 

Adj.  Relative  Risk 

V  ^  (95%  C.I.)^  p-Value 

Low  153  2.6 

Medium  154  6.5 

High  146  3.4 

0.94(0.65,1.36)  0.739 

^  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  the  change  in  percent  body  fat  from  the  time  of  duty 

in  SEA  to  the  date  of  blood  draw  for  dioxin,  and  age  in  1992. 

^  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 

Note:  Low  =  39-98  ppt;  Medium  =  >98-232  ppt;  High  =  >232  ppt. 

Summary  statistics  for  1985  are  provided  for  reference  purposes  for  participants  who  attended  the 
Baseline,  1985,  and  1992  examinations.  Summary  statistics  for  1987  are  provided  for  reference  purposes 
for  participants  who  attended  the  Baseline,  1987,  and  1992  examinations.  Statistical  analyses  are  based 
only  on  participants  who  had  a  normal  ALT  level  in  1982  (see  Chapter  7,  Statistical  Methods). 


13-319 


Table  13-64.  (Continued) 
Longitudinal  Analysis  of  ALT 
(Discrete) 


RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY 

Perc^  Hlgh/(n) 

.  ,  y  ^  lExainination  ^ - 

Dioxin  Category 

1982 

1985 

1987 

1992 

Comparison 

7.5 

14.6 

11.2 

6.8 

(896) 

(884) 

(883) 

(896) 

Background  RH 

4.2 

11.5 

10.9 

4.2 

(335) 

(332) 

(330) 

(335) 

LowRH 

7.3 

14.1 

10.2 

5.3 

(247) 

(241) 

(245) 

(247) 

High  RH 

10.8 

16.3 

14.9 

7.2 

(251) 

(245) 

(242) 

(251) 

Low  plus  High  RH 

9.0 

15.2 

12.5 

6.2 

(498) 

(486) 

(487) 

(498) 

Normal  in  1982 


Dioxin  Category 

n in  1992 

Percent  EBgh  ui 
1992 

AdJ.  Relative  Risk 
(95%  C.L)^ 

p-Value' 

Comparison 

829 

5.3 

Background  RH 

321 

3.4 

0.79  (0.40,1.56) 

0.494 

LowRH 

229 

4.4 

0.87  (0.43,1.77) 

0.699 

HighRH 

224 

4.0 

0.60  (0.28,1.25) 

0.172 

Low  plus  High  RH 

453 

4.2 

0.72  (0.41,1.25) 

0.239 

®  Relative  risk  and  confidence  interval  relative  to  Comparisons. 

*’  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  the  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  blood  draw  for  dioxin,  and  age  in  1992. 

Note:  RH  =  Ranch  Hand. 

Comparison:  Current  Dioxin  ^  10  ppt. 

Background  (Ranch  Hand):  Current  Dioxin  <10  ppt. 

Low  (Ranch  Hand):  Current  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <143  ppt. 

High  (Ranch  Hand):  Current  Dioxin  >  10  ppt.  Initial  Dioxin  >  143  ppt. 

Summary  statistics  for  1985  are  provided  for  reference  purposes  for  participants  who  attended  the 
Baseline,  1985,  and  1992  examinations.  Summary  statistics  for  1987  are  provided  for  reference 
purposes  for  participants  who  attended  the  Baseline,  1987 ,  and  1992  examinations.  Statistical  analyses 
are  based  only  on  participants  who  had  a  normal  ALT  level  in  1982  (see  Chapter  7 ,  Statistical 
Methods). 
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groundcrew  who  did  not  have  high  ALT  levels  in  1982,  Ranch  Hands  were  less  likely  than 
Comparisons  to  have  high  levels  of  ALT  at  the  1992  examination  (4.1%  vs.  7.3%). 

Examination  of  the  Model  2  results  did  not  show  a  significant  association  between 
initial  dioxin  and  the  percentage  of  participants  having  high  ALT  levels  (Table  13-64(b): 
p=0.739).  The  longitudinal  analysis  of  Model  3  did  not  reveal  any  of  the  Ranch  Hand 
categories  to  be  significantly  different  from  the  Comparison  group  (Table  13-64(c):  p>0.17 
for  all  contrasts). 

In  both  the  Ranch  Hand  and  Comparison  cohorts,  the  percentage  of  participants  with 
high  ALT  levels  showed  a  marked  increase  between  1982  and  1985  and  a  marked  decrease 
between  1987  and  1992.  These  changes  may  be  partly  attributable  to  the  change  in  abnormal 
cuQioints  across  examinations.  The  abnormal  outpoints  for  ALT  were  45  U/L,  36  U/L,  36 
U/L,  and  55  U/L  for  the  1982,  1985,  1987,  and  1992  laboratory  examinations  respectively. 
Thus  the  increase  in  abnormalities  seen  between  1982  and  1985  may  be  partially  explained 
by  the  lower  cutpoint  in  1985,  while  the  decrease  between  1987  and  1992  may  be  partly  due 
to  the  higher  cutpoint  in  1992.  Differences  between  the  1992  results  and  other  examinations 
may  also  be  partly  due  to  the  change  in  measurement  procedure  between  examinations  (ACA 
in  1982,  1985  and  1987  vs.  Paramax*  in  1992). 

GGT  (Continuous) 

Examination  of  the  mean  paired  differences  for  GGT  in  Model  1  did  not  show  the 
Ranch  Hands  to  differ  significantly  from  the  Comparisons  (Table  13-65(a);  p>0.14  for  all 
contrasts).  The  longitudinal  analysis  of  Model  2  did  not  show  a  significant  association 
between  initial  dioxin  and  the  paired  differences  (Table  13-65(b):  p=0.944).  For  Model  3, 
the  longitudinal  analysis  did  not  detect  a  significant  difference  between  any  of  the  Ranch 
Hand  categories  and  the  Comparison  group  (Table  13-65(c):  p>0.20  for  all  contrasts). 

GGT  (Discrete) 

The  longitudinal  analysis  of  Model  1  did  not  reveal  a  significant  group  difference  in 
the  percentage  of  individuals  with  high  GGT  levels  for  participants  who  had  normal  GGT 
levels  in  1982  (Table  13-66(a):  p>0.12  for  all  contrasts).  The  results  from  the  Model  2 
longitudinal  analysis  did  not  reveal  a  significant  association  between  initial  dioxin  and  GGT 
(Table  13-66(b):  p=0.628).  For  Model  3,  the  longitudinal  analysis  did  not  show  any  of  the 
Ranch  Hand  categories  to  be  significantly  different  fi'om  the  Comparison  group  (Table 
13-66(c):  p>0.31  for  all  contrasts). 

In  both  the  Ranch  Hand  and  Comparison  cohorts,  the  percentage  of  participants  having 
high  GGT  levels  showed  a  noticeable  increase  between  1987  and  1992.  This  may  partially 
be  attributed  to  the  change  in  the  definition  of  a  high  GGT  level  between  the  1987  and  1992 
examinations  and  the  change  in  the  measurement  procedure  between  the  two  examinations 
(ACA  in  1987  versus  Paramax  in  1992).  In  1987,  a  high  GGT  level  was  defined  as  at  least 
86  U/L,  whereas  in  1992,  a  high  GGT  level  was  defined  as  greater  than  51  U/L. 
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Table  13-65. 

Longitudinal  Analysis  of  GGT  (U/L) 
(Continuous) 


a)  MODEL  1:  RANCH  HAP®S  VS.  COMPARISONS 


Mean^/(n) 

Examination  Exam.  Difference 

Occupational  - '  Mean  of  Exam. 


Category 

Group 

1982 

1985 

1987 

1992 

Change** 

Mean  Change 

p-Value® 

All 

Ranch  Hand 

38.21 

(884) 

31.71 

(862) 

32.27 

(855) 

32.98 

(884) 

-5.23 

0.92 

0.200 

Comparison 

38.26 

(1,038) 

31.86 

(1,014) 

32.00 

(1,008) 

32.11 

(1,038) 

-6.15 

Officer 

Ranch  Hand 

36.91 

(332) 

31.48 

(326) 

32.36 

(327) 

32.51 

(332) 

-4.40 

0.96 

0.373 

Comparison 

36.97 

(398) 

30.86 

(390) 

31.35 

(384) 

31.61 

(398) 

-5.36 

Enlisted  Flyer 

Ranch  Hand 

38.58 

(158) 

31.58 

(156) 

31.55 

(153) 

31.40 

(158) 

-7.18 

0.45 

0.580 

Comparison 

42.06 

(169) 

34.43 

(166) 

33.56 

(167) 

34.43 

(169) 

-7.63 

Enlisted 

Groundcrew 

Ranch  Hand 

39.19 

(394) 

31.96 

(380) 

32.49 

(375) 

34.04 

(394) 

-5.15 

1.19 

0.146 

Comparison 

38.07 

(471) 

31.82 

(458) 

32.00 

(457) 

31.73 

(471) 

-6.34 

^  Transformed  from  natural  logarithm  scale. 

^  Difference  between  1992  and  1982  examination  means  after  transformation  to  original  scale. 

'  P-value  is  based  on  analysis  of  natural  logarithm  of  GGT;  results  adjusted  for  natural  logarithm  of  GGT  in 
1982  and  age  in  1992. 

Note:  Sununary  statistics  for  1985  are  provided  for  reference  purposes  for  participants  who  attended  the 

Baseline,  1985,  and  1992  examinations.  Summary  statistics  for  1987  are  provided  for  reference  purposes 
for  participants  who  attended  the  Baseline,  1987,  and  1992  examinations. 
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Table  13-65.  (Continued) 
Longitudinal  Analysis  of  GGT  (U/L) 
(Continuous) 


b)  MODEL  2;  RANCH  HANDS  -  INITIAL  DIOXIN 


Initial  Dioxin  Category  Summary  Statistics 

MeanV(n) 
Examination 


Initial 

Dioxin 

1982 

1985 

1987 

1992 

Low 

41.86 

34.28 

32.38 

33.12 

(166) 

(162) 

(165) 

(166) 

Medium 

42.44 

35.59 

36.37 

36.72 

(166) 

(161) 

(162) 

(166) 

High 

42.30 

33.95 

35.76 

36.54 

(166) 

(163) 

(160) 

(166) 

Analysis  Results  for  Logj 
(Initial  Dioxin)^ 


Adj.  Slope 
(SM.  Error) 


p-Value 


-0.001  (0.018) 


0.944 


®  Transformed  from  natural  logarithm  scale. 

*’  Results  based  on  difference  between  natural  logarithm  of  GGT  in  1992  and  natural  logarithm  of  GGT  in  1982 
versus  log2  (initial  dioxin);  results  adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  the  change  in 
percent  body  fat  from  the  time  of  duty  in  SEA  to  the  date  of  blood  draw  for  dioxin,  natural  logarithm  of  1982 
GGT,  and  age  in  1992. 

Note:  Low  =  39-98  ppt;  Medium  =  >98-232  ppt;  High  =  >232  ppt. 

Summary  statistics  for  1985  are  provided  for  reference  purposes  for  participants  who  attended  the 
Baseline,  1985,  and  1992  examinations.  Summary  statistics  for  1987  are  provided  for  reference 
purposes  for  participants  who  attended  the  Baseline,  1987,  and  1992  examinations. 


13-323 


Table  13-65.  (Continued) 
Longitudinal  Analysis  of  GGT  (U/L) 
(Continuous) 


c)  MODEL  3;  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY 


Difference  of 

Examination  mterence  oi 

— — -  .F.Vam.  ■■  ^  ^  F.Xaill. 


Dioxin  Category 

1982 

1985 

1987 

1992 

Mean  Change** 

Mean  Change 

p-Value® 

Comparison 

37.91 

(896) 

31.68 

(884) 

31.89 

(883) 

31.70 

(896) 

-6.21 

Background  RH 

33.01 

(335) 

27.85 

(332) 

28.87 

(330) 

29.35 

(335) 

-3.66 

2.55 

0.207 

Low  RH 

41.69 

(247) 

34.50 

(241) 

33.47 

(245) 

34.81 

(247) 

-6.88 

-0.67 

0.346 

High  RH 

42.70 

(251) 

34.69 

(245) 

36.15 

(242) 

36.03 

(251) 

-6.67 

-0.46 

0.536 

Low  plus  High  RH 

42.20 

(498) 

34.60 

(486) 

34.77 

(487) 

35.42 

(498) 

-6.78 

-0.56 

0.315 

®  Transformed  from  natural  logarithm  scale. 

Difference  between  1992  and  1982  examination  means  after  transformation  to  original  scale. 

P-value  is  based  on  analysis  of  natural  logarithm  of  GGT;  results  adjusted  for  percent  body  fat  at  the  time  of 
duty  in  SEA,  the  change  in  percent  body  fat  from  the  time  of  duty  in  SEA  to  the  date  of  the  blood  draw  for 
dioxin,  natural  logarithm  of  GGT  in  1982,  and  age  in  1992. 

Note:  RH  =  Ranch  Hand. 

Comparison:  Current  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  Current  Dioxin  <10  ppt. 

Low  (Ranch  Hand):  Current  Dioxin  >10  ppt,  10  ppt  <  Initial  Dioxin  <143  ppt. 

High  (Ranch  Hand):  Current  Dioxin  >  10  ppt.  Initial  Dioxin  >  143  ppt. 

Summary  statistics  for  1985  are  provided  for  reference  purposes  for  participants  who  attended  the 
Baseline,  1985,  and  1992  examinations.  Summary  statistics  for  1987  are  provided  for  reference 
purposes  for  participants  who  attended  the  Baseline,  1987,  and  1992  examinations. 
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Table  13-66. 

Longitudinal  Analysis  of  GGT 
OOiscrete) 


a)  MODEL  1:  RANCH  VS.  COMPARISONS 


Percent  Ifi^(n) 

Occupational  _  lamination 


Category 

Group 

1982 

1985 

1987 

1992 

All 

Ranch  Hand 

8.6 

7.5 

7.4 

20.5 

(884) 

(862) 

(855) 

(884) 

Comparison 

9.3 

8.3 

7.2 

18.7 

(1,038) 

(1,014) 

(1,008) 

(1,038) 

Officer 

Ranch  Hand 

9.0 

lA 

8.6 

19.9 

(332) 

(326) 

(327) 

(332) 

Comparison 

9.1 

8.0 

7.3 

18.3 

(398) 

(390) 

(384) 

(398) 

Enlisted  Flyer 

Ranch  Hand 

10.1 

7.7 

7.8 

18.4 

(158) 

(156) 

(153) 

(158) 

Comparison 

11.8 

10.8 

10.2 

20.7 

(169) 

(166) 

(167) 

(169) 

Enlisted 

Ranch  Hand 

7.6 

7.6 

6.1 

21.8 

Groundcrew 

(394) 

(380) 

(375) 

(394) 

Comparison 

8.5 

7.6 

6.1 

18.3 

(471) 

(458) 

(457) 

(471) 

Occupational 

Categoiy 

Group 

Nonnal  in  1982 

Percent  High 
n  in  1992  in  1992 

Adj.  R^ative  Risk 
{95%C.I.)* 

p-Valne^ 

All 

Ranch  Hand 

808 

15.8 

1.23  (0.94,1.61) 

0.127 

Comparison 

942 

13.3 

Officer 

Ranch  Hand 

302 

15.6 

1.34  (0.86,2.09) 

0.195 

Comparison 

362 

12.2 

Enlisted  Flyer 

Ranch  Hand 

142 

11.3 

0.77  (0.39,1.55) 

0.466 

Comparison 

149 

14.1 

Enlisted 

Ranch  Hand 

364 

17.9 

1.34  (0.91,1.96) 

0.135 

Grotmdcrew 

Comparison 

431 

13.9 

®  Relative  risk,  confidence  interval,  and  p-values  are  in  reference  to  a  contrast  of  1982  and  1992  results;  results 
adjusted  for  age  in  1992. 


Note:  Summary  statistics  for  1985  are  provided  for  reference  purposes  for  participants  who  attended  the 

Baseline,  1985,  and  1992  examinations.  Summary  statistics  for  1987  are  provided  for  reference  purposes 
for  participants  who  attended  the  Baseline,  1987,  and  1992  examinations.  Statistical  analyses  are  based 
only  on  participants  who  had  a  normal  GGT  level  in  1982  (see  Chapter  7,  Statistical  Methods). 
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Table  13-66.  (Continued) 
Longitudinal  Analysis  of  GGT 
(Discrete) 


b)  MODEL  2: 

RANCH  HANDS  --  EflTIAL  DIOXIN 

Percent  IBgh/(n) 

Examination 

Initiai 

Dioxin 

■  :V'  :;1982 

. . 

1987 

1992 

Low 

12.1 

8.6 

6.7 

16.9 

(166) 

(162) 

(165) 

(166) 

Medium 

10.8 

8.7 

9.3 

26.5 

(166) 

(161) 

(162) 

(166) 

High 

11.5 

9.2 

9.4 

22.9 

(166) 

(163) 

(160) 

(166) 

Initial  Dioxin  Category  Summary  Statistics 

Analysis  Results  for  Log2  (Initial  Dioxin)^ 

Normal  in  1982 

Initial 

Dioxin 

Percent  IBgh 

n  in  1992  in  1992 

Adj.  Relative  Risk 
(95%  CJ.)” 

p- Value 

Low 

146 

12.3 

0.95  (0.77,1.17) 

0.628 

Medium 

148 

19.6 

High 

147 

15.7 

“  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  the  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  blood  draw  for  dioxin,  and  age  in  1992. 


*’  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 


Note:  Lx)w  =  39-98  ppt;  Medium  =  >98-232  ppt;  High  =  >232  ppt. 

Summary  statistics  for  1985  are  provided  for  reference  purposes  for  participants  who  attended  the 
Baseline,  1985,  and  1992  examinations.  Summary  statistics  for  1987  are  provided  for  reference  purposes 
for  participants  who  attended  the  Baseline,  1987,  and  1992  examinations.  Statistical  analyses  are  based 
only  on  participants  who  had  a  normal  GGT  level  in  1982  (see  Chapter  7,  Statistical  Methods). 
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Table  13-66.  (Continued) 
Longitudinal  Analysis  of  GGT 
(Discrete) 


c)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY 

Percent  EBgb/(n) 

Examination 

Dioxin  Category 

1982 

1985 

1987 

1992 

Comparison 

8.8 

8.5 

6.9 

18.1 

(896) 

(884) 

(883) 

(896) 

Background  RH 

4.5 

5.1 

5.8 

17.0 

(335) 

(332) 

(330) 

(335) 

LowRH 

11.7 

8.3 

7.4 

21.1 

(247) 

(241) 

(245) 

(247) 

High  RH 

11.2 

9.4 

9.5 

23.1 

(251) 

(245) 

(242) 

(251) 

Low  plus  High  RH 

11.5 

8.9 

8.4 

22.1 

(498) 

(486) 

(487) 

(498) 

Nonnai  in  1982 

Percent  EBgh  Adj.  Rdative  Risk 


Dioxin  Category 

n in  1992 

in  1992 

(95%  C.I.)* 

p-Value** 

Comparison 

817 

13.2 

Background  RH 

320 

14.4 

1.20(0.82,1.75) 

0.349 

LowRH 

218 

15.6 

1.23  (0.81,1.88) 

0.328 

HighRH 

223 

16.1 

1.14  (0.75,1.73) 

0.535 

Low  plus  High  RH 

441 

15.9 

1.19(0.85,1.65) 

0.311 

®  Relative  risk  and  confidence  interval  relative  to  Comparisons. 

*’  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  the  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  blood  draw  for  dioxin,  and  age  in  1992. 

Note:  RH  =  Ranch  Hand. 

Comparison:  Current  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  Current  Dioxin  :£  10  ppt. 

Low  (Ranch  Hand):  Current  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  143  ppt. 

High  (Ranch  Hand):  Current  Dioxin  >  10  ppt.  Initial  Dioxin  >  143  ppt. 

Summary  statistics  for  1985  are  provided  for  reference  purposes  for  participants  who  attended  the 
Baseline,  1985,  and  1992  examinations.  Summary  statistics  for  1987  are  provided  for  reference 
purposes  for  participants  who  attended  the  Baseline,  1987,  and  1992  examinations.  Statistical  analyses 
are  based  only  on  participants  who  had  a  normal  GGT  level  in  1982  (see  Chtpter  7,  Statistical 
Methods). 
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Cholesterol  (Continuous) 

The  longitudinal  analysis  of  Model  1  revealed  a  marginally  significant  overall  group 
difference  for  the  mean  paired  differences  (Table  13-67(a):  p=0.074).  The  mean  paired 
difference  was  greater  for  the  Ranch  Hands  than  the  Comparisons  (Table  13-67(a); 

3.84  mg/dl  vs.  0.47  mg/dl).  For  Model  2,  the  longitudinal  analysis  did  not  detect  a 
significant  association  between  initial  dioxin  and  the  paired  differences  for  cholesterol  (Table 
13-67(b);  p=0.052). 

The  longitudinal  analysis  for  Model  3  revealed  a  marginally  significant  difference  for 
the  background  Ranch  Hands  (Table  13-67(c):  p= 0.096).  The  mean  paired  differences  were 
higher  for  the  background  Ranch  Hands  than  for  the  Comparisons  (Table  13-67 (c): 

5.53  mg/dl  and  -0.18  mg/dl  respectively). 

Cholesterol  (Discrete) 

For  Model  1,  the  longitudinal  analysis  detected  a  significant  overall  group  difference 
in  the  percentage  of  individuals  with  high  cholesterol  for  participants  who  had  normal 
cholesterol  in  1982  (Table  13-68(a):  p=0.037,  Adj.  RR=1.46,  95%  C.I=[1.02,  2.10]).  Of 
the  participants  with  normal  cholesterol  levels  in  1982,  the  Ranch  Hands  were  more  likely  to 
have  high  cholesterol  at  the  1992  examination  than  the  Comparisons  (Table  13-68(a):  9.6% 
vs.  6.8%).  In  addition,  the  stratified  occupation  analysis  revealed  a  marginally  significant 
group  difference  in  the  enlisted  flyer  stratum  (p=0.081,  Adj.  RR=2.20, 

95%  C.I.=[0.91,  5.34]).  Of  the  enlisted  flyers  who  had  normal  cholesterol  in  1982,  Ranch 
Hands  were  more  than  twice  as  likely  as  Comparisons  to  have  high  cholesterol  at  the  1992 
examination  (12.3%  vs.  6.0%). 

The  longitudinal  analysis  for  Model  2  did  not  show  a  significant  association  between 
initial  dioxin  and  cholesterol  (Table  13-68(b):  p=0.717).  Examination  of  the  Model  3  results 
for  the  longitudinal  analysis  revealed  a  significant  adjusted  relative  risk  for  the  high  Ranch 
Hands  and  a  marginally  significant  relative  risk  for  the  low  plus  high  Ranch  Hands  (Table 
13-68(c):  p=0.043,  Adj.  RR=1.76,  95%  C.I.=[1.02,  3.03]  andp=0.051,  Adj.  RR=1.55, 
95%  C.I.=[1.00,  2.40]  respectively).  Only  6.6  percent  of  the  Comparisons  with  normal 
cholesterol  in  1982  had  high  cholesterol  at  the  1992  examination,  whereas  10.6  percent  of  the 
high  Ranch  Hands  and  9.7  percent  of  the  low  plus  high  Ranch  Hands  with  normal  cholesterol 
in  1982  had  high  cholesterol  at  the  1992  examination. 

HDL  Cholesterol  (Continuous) 

Examination  of  the  paired  differences  in  the  longitudinal  analysis  of  Model  1  did  not 
show  a  significant  difference  between  the  Ranch  Hands  and  Comparisons  (Table  13-69(a): 
p>0.61  for  all  contrasts).  The  longitudinal  analysis  for  Model  2  did  not  reveal  a  significant 
association  between  initial  dioxin  and  the  paired  differences  for  HDL  cholesterol  (Table 
13-69(b):  p= 0.796).  The  Model  3  longitudinal  analysis  did  not  show  a  significant  difference 
between  any  of  the  Ranch  Hand  categories  and  the  Comparison  group  (Table  13-69(c): 

p>0.18). 
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Table  13-67. 

Lon^tudinal  Analysis  of  Cholesterol  (mg/dl) 
(Continuous) 


a)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS 


Occupational 

Cat^ory 

Mean®/(n) 

Examination 

Exmn. 

Mean 

Chang^ 

Difference 
of  Exam.  , 
Mean  Chaise 

Group 

1982 

1985 

1987 

1992 

p-Vaiue* 

All 

Ranch  Hand 

211.16 

(884) 

214.00 

(862) 

214.08 

(«55) 

215.00 

(884) 

3.84 

3.37 

0.074 

Comparison 

213.93 

(1,038) 

215.61 

(1,014) 

214.22 

(1,008) 

214.40 

(1,038) 

0.47 

Officer 

Ranch  Hand 

211.99 

(332) 

214.78 

(326) 

214.14 

(327) 

213.51 

(332) 

1.52 

3.06 

0.177 

Comparison 

212.72 

(398) 

214.64 

(390) 

213.14 

(384) 

211.18 

(398) 

-1.54 

Enlisted  Flyer 

Ranch  Hand 

215.26 

(158) 

218.43 

(156) 

216.04 

(153) 

218.50 

(158) 

3.24 

5.14 

0.458 

Comparison 

222.73 

(169) 

220.90 

(166) 

220.73 

(167) 

220.83 

(169) 

-1.90 

Enlisted 

Groundcrew 

Ranch  Hand 

208.85 

(394) 

211.55 

(380) 

213.23 

(375) 

214.86 

(394) 

6.01 

3.02 

0.352 

Comparison 

211.88 

(471) 

214.54 

(458) 

212.79 

(457) 

214.87 

(471) 

2.99 

“  Transformed  from  natural  logarithm  scale. 

*’  Difference  between  1992  and  1982  examination  means  after  transformation  to  original  scale. 

<=  P-value  is  based  on  analysis  of  natural  logarithm  of  cholesterol;  results  adjusted  for  natural  logarithm  of 
cholesterol  in  1982  and  age  in  1992. 

Note:  Summary  statistics  for  1985  are  provided  for  reference  purposes  for  participants  who  attended  the 

Baseline,  1985,  and  1992  examinations.  Summary  statistics  for  1987  are  provided  for  reference  purposes 
for  participants  who  attended  the  Baseline,  1987,  and  1992  examirrations. 
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Table  13-67.  (Continued) 
Longitudinal  Analysis  of  Cholesterol  (mg/dl) 
(Continuous) 


b)  MODEL  2;  RANCH  HANDS  —  BSITIAL  DIOXIN 


Initial 

Dioxin 

Initial  Dioxin  Category  Summary  Statistics 

MeanV(n) 

Examination 

Analysis  Results  for  Log2 
(Initial  Dioxin)*’ 

Adj.  Slope 

:  (Std.  Error)  p-Value 

1982 

1985 

1987 

1992 

Low 

212.22 

(166) 

216.27 

(162) 

215.45 

(165) 

215.45 

(166) 

0.002  (0.005)  0.652 

Medium 

211.95 

(166) 

215.07 

(161) 

214.16 

(162) 

214.06 

(166) 

High 

214.85 

(166) 

216.38 

(163) 

217.67 

(160) 

218.11 

(166) 

“  Transformed  from  natural  logarithm  scale. 

*’  Results  based  on  difference  between  natural  logarithm  of  cholesterol  in  1992  and  natural  logarithm  of 
cholesterol  in  1982  versus  log2  (initial  dioxin);  results  adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA, 
the  change  in  percent  body  fat  from  the  time  of  duty  in  SEA  to  the  date  of  blood  draw  for  dioxin,  namral 
logarithm  of  1982  cholesterol,  and  age  in  1992. 

Note;  Low  =  39-98  ppt;  Medium  =  >98-232  ppt;  High  =  >232  ppt. 

Summary  statistics  for  1985  are  provided  for  reference  purposes  for  participants  who  attended  the 
Baseline,  1985,  and  1992  examinations.  Summary  statistics  for  1987  are  provided  for  reference 
purposes  for  participants  who  attended  the  Baseline,  1987,  and  1992  examinations. 
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Table  13-67.  (Continued) 
Longitudinal  Analysis  of  Cholesterol  (mg/dl) 
(Continuous) 


^c)  MODEL  3;  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY 
MeanV(n) 

Examination  ^ 

■  ^ - : -  Exam.  Exam. 


Dioxin  Caf^ory 

1982 

1985 

1987 

1992 

Mean  Charge'’ 

Mean  Change 

p-Value^ 

Comparison 

214.68 

(896) 

216.19 

(884) 

214.94 

(883) 

214.49 

(896) 

-0.18 

Background  RH 

207.62 

(335) 

210.99 

(332) 

211.88 

(330) 

213.21 

(335) 

5.59 

5.78 

0.096 

LowRH 

211.83 

(247) 

214.96 

(241) 

213.68 

(245) 

213.90 

(247) 

2.07 

2.25 

0.304 

HighRH 

214.16 

(251) 

216.84 

(245) 

217.85 

(242) 

217.81 

(251) 

3.65 

3.83 

0.137 

Low  plus  High  RH 

213.00 

(498) 

215.91 

(486) 

215.75 

(487) 

215.86 

(498) 

2.86 

3.04 

0.106 

®  Transfonned  from  natural  logarithm  scale. 

Difference  between  1992  and  1982  examination  means  after  transformation  to  original  scale. 

'  P-value  is  based  on  analysis  of  natural  logarithm  of  cholesterol;  results  adjusted  for  percent  body  fat  at  the 
time  of  duty  in  SEA,  the  change  in  percent  body  fat  from  the  time  of  duty  in  SEA  to  the  date  of  the  blood  draw 
for  dioxin,  natural  logarithm  of  cholesterol  in  1982,  and  age  in  1992. 

Note:  RH  =  Ranch  Hand. 

Comparison:  Current  Dioxin  S 10  ppt. 

Background  (Ranch  Hand):  Current  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  Current  Dioxin  >10  ppt,  10  ppt  <  Initial  Dioxin  <143  ppt. 

High  (Ranch  Hand):  Current  Dioxin  >  10  ppt.  Initial  Dioxin  >  143  ppt. 

Summary  statistics  for  1985  are  provided  for  reference  purposes  for  participants  who  attended  the 
Baseline,  1985,  and  1992  examinations.  Summary  statistics  for  1987  are  provided  for  reference 
purposes  for  participants  who  attended  the  Baseline,  1987,  and  1992  examinations. 
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Table  13-68. 

Longitudinal  Analysis  of  Cholesterol 
(Discrete) 


a)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS 

Cat^ory 

Percent  IRgh/(n) 
Examination 

Group 

1982 

1985 

1987 

1992 

All 

Ranch  Hand 

14.9 

15.9 

16.3 

14.7 

(884) 

(862) 

(855) 

(884) 

Comparison 

15.8 

18.4 

14.2 

12.8 

(1,038) 

(1,014) 

(1,008) 

(1,038) 

Officer 

Ranch  Hand 

11.5 

16.9 

15.3 

12.1 

(332) 

(326) 

(327) 

(332) 

Comparison 

11.3 

15.4 

11.7 

10.8 

(398) 

(390) 

(384) 

(398) 

Enlisted  Flyer 

Ranch  Hand 

17.7 

17.3 

19.0 

19.0 

(158) 

(156) 

(153) 

(158) 

Comparison 

21.3 

24.1 

18.6 

13.0 

(169) 

(166) 

(167) 

(169) 

Enlisted 

Ranch  Hand 

16.8 

14.5 

16.0 

15.2 

Groundcrew 

(394) 

(380) 

(375) 

(394) 

Comparison 

17.6 

19.0 

14.7 

14.4 

(471) 

(458) 

(457) 

(471) 

Occnpational 

Categoiy 

Group 

Normal  in  1982 

Percent  High 
n  in  1992  in  1992 

Adj.  Relative  Risk 
(95%  C.L)“ 

p-Value^ 

All 

Ranch  Hand 

752 

9.6 

1.46  (1.02,2.10) 

0.037 

Comparison 

874 

6.8 

Officer 

Ranch  Hand 

294 

8.2 

1.40  (0.76,2.57) 

Q.ni 

Comparison 

353 

6.0 

Enlisted  Flyer 

Ranch  Hand 

130 

12.3 

2.20  (0.91,5.34) 

0.081 

Comparison 

133 

6.0 

Enlisted 

Ranch  Hand 

328 

9.8 

1.29(0.77,2.18) 

0.334 

Groundcrew 

Comparison 

388 

7.7 

“  Relative  risk,  confidence  interval,  and  p-values  are  in  reference  to  a  contrast  of  1982  and  1992  results;  results 
adjusted  for  age  in  1992. 

Note:  Summaiy  statistics  for  1985  are  provided  for  reference  puriwses  for  participants  who  attended  the 

Baseline,  1985,  and  1992  examinations.  Summary  statistics  for  1987  are  provided  for  reference  purposes 
for  participants  who  attended  the  Baseline,  1987,  and  1992  examinations.  Statistical  analyses  are  based 
only  on  participants  who  had  a  normal  cholesterol  level  in  1982  (see  Chapter  7,  Statistical  Methods). 
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Table  13-68.  (Continued) 
Longitudinal  Analysis  of  Cholesterol 
(Discrete) 


b)  MODEL  2: 

RANCH  HANDS  -  IMIIAL  DIOXIN 

Percent  lfigh/<ii) 

Examination 

Dioxin 

1982 

1985 

1987 

1992 

Low 

12.7 

(166) 

17.9 

(162) 

15.8 

(165) 

15.1 

(166) 

Medium 

16.3 

(166) 

15.5 

(161) 

16.1 

(162) 

14.5 

(166) 

High 

22.9 

(166) 

16.6 

(163) 

14.4 

(160) 

16.9 

(166) 

Initial  Dioxin  Category  Summary  Statistics 
Nonnal  in  1982 


Initial 

Dioxin 


n  in  1992 


Percrat  EBgh 
in  1992 


Low 

145 

9.7 

1.05  (0.81,1.36) 

0.717 

Medium 

139 

7.9 

High 

128 

11.7 

Analysis  Sesnlts  for  Log2  (initial  Dioxin)^ 


Adj.  Relative  Risk 
(95%  C.I.)’^ 


p-Value 


^  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  the  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  blood  draw  for  dioxin,  and  age  in  1992. 

^  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 

Note:  Low  =  39-98  ppt;  Medium  =  >98-232  ppt;  High  =  >232  ppt. 

Summary  statistics  for  1985  are  provided  for  reference  purposes  for  participants  who  attended  the 
Baseline,  1985,  and  1992  examinations.  Summary  statistics  for  1987  are  provided  for  reference  purposes 
for  participants  who  attended  the  Baseline,  1987,  and  1992  examinations.  Statistical  analyses  are  based 
only  on  participants  who  had  a  normal  cholesterol  level  in  1982  (see  Chapter  7,  Statistical  Methods). 


13-333 


Table  13-68.  (Continued) 
Longitudinal  Analysis  of  Cholesterol 
(Discrete) 


c)  MODEL  3; 

RANCH  HANDS  AND  COMPARISONS  BY  DiOXIN  CATEGORY 

Percraif  £Qg)i/(n) 

Examination 

Dioxin  Cat^ory 

1982 

1985 

1987 

1992 

Comparison 

15.7 

18.7 

14.6 

12.4 

(896) 

(884) 

(883) 

(896) 

Background  RH 

11.0 

14.8 

17.3 

12.8 

(335) 

(332) 

(330) 

(335) 

Low  RH 

13.4 

17.0 

14.7 

14.2 

(247) 

(241) 

(245) 

(247) 

High  RH 

21.1 

16.3 

16.1 

16.7 

(251) 

(245) 

(242) 

(251) 

Low  plus  High  RH 

17.3 

16.7 

15.4 

15.5 

(498) 

(486) 

(487) 

(498) 

Normal  in  1982 

Dioxin  Category 

n in  1992 

Percrait  ISgb  in 
1992 

Adj.  Relative  Risk 
(95%C.L)* 

p-Value** 

Comparison 

755 

6.6 

Background  RH 

298 

9.4 

1.43  (0.88,2.33) 

0.152 

LowRH 

214 

8.9 

1.37  (0.79,2.38) 

0.267 

HighRH 

198 

10.6 

1.76  (1.02,3.03) 

0.043 

Low  plus  High  RH 

412 

9.7 

1.55  (1.00,2.40) 

0.051 

^  Relative  risk  and  confidence  interval  relative  to  Comparisons. 


Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  the  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  blood  draw  for  dioxin,  and  age  in  1992. 

Note;  RH  =  Ranch  Hand. 

Comparison:  Current  Dioxin  <10  ppt. 

Background  (Ranch  Hand):  Current  Dioxin  <10  ppt. 

Lx)w  (Ranch  Hand):  Current  Dioxin  >10  ppt,  10  ppt  <  Initial  Dioxin  <143  ppt. 

High  (Ranch  Hand);  Current  Dioxin  >  10  ppt.  Initial  Dioxin  >  143  ppt. 

Nummary  statistics  for  1985  are  provided  for  reference  purposes  for  participants  who  attended  the 
Baseline,  1985,  and  1992  examinations.  Summary  statistics  for  1987  are  provided  for  reference 
purposes  for  participants  who  attended  the  Baseline,  1987,  and  1992  examinations.  Statistical  analyses 
are  based  only  on  participants  who  had  a  normal  cholesterol  level  in  1982  (see  Chapter  7 ,  Statistical 
Methods). 
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Table  13-69. 

Longitudinal  Analysis  of  HDL  Cholesterol  (mg/dl) 
{Continuous) 


a)  MODEL  1:  RANCH  HAIWS  VS.  OOMPAi^ 


Occupational 

Cat^ory 

;Mean®/(n)  ^ 
Examination 

Exmn. 

Change*^ 

Difference 

bfExam. 

;  Mean  Chaise : 

Group 

1982 

1985 

::;i987;'': 

1992 

p^Vaiue® 

All 

Ranch  Hand 

44.18 

(867) 

44.44 

(845) 

45.29 

(839) 

40.58 

(867) 

-3.60 

0.34 

0.619 

Comparison 

44.75 

(1,029) 

44.85 

(1,005) 

45.54 

(999) 

40.81 

(1,029) 

-3.94 

Officer 

Ranch  Hand 

45.77 

(323) 

45.97 

(317) 

46.80 

(318) 

42.20 

(323) 

-3.57 

0.16 

0.841 

Comparison 

45.82 

(395) 

46.44 

(387) 

47.09 

(381) 

42.09 

(395) 

-3.73 

Enlisted  Flyer 

Ranch  Hand 

42.96 

(154) 

43.40 

(152) 

44.54 

(149) 

40.26 

(154) 

-2.70 

0.20 

0.849 

Comparison 

43.11 

(167) 

43.23 

(164) 

44.34 

(165) 

40.21 

(167) 

-2.90 

Enlisted 

Groundcrew 

Ranch  Hand 

43.39 

(390) 

43.60 

(376) 

44.34 

(372) 

39.42 

(390) 

-3.97 

0.52 

0.679 

Comparison 

44.45 

(467) 

44.11 

(454) 

44.71 

(453) 

39.96 

(467) 

-4.49 

^  Transformed  from  natural  logarithm  scale. 

’’  Difference  between  1992  and  1982  examination  means  after  transformation  to  original  scale. 

P-value  is  based  on  analysis  of  natural  logarithm  of  HDL  cholesterol;  results  adjusted  for  natural  logarithm  of 
HDL  cholesterol  in  1982  and  age  in  1992. 

Note:  Summary  statistics  for  1985  are  provided  for  reference  purposes  for  participants  who  attended  the 

Baseline,  1985,  and  1992  examinations.  Summary  statistics  for  1987  are  provided  for  reference  purposes 
for  participants  who  attended  the  Baseline,  1987,  and  1992  examinations. 
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Table  13-69.  (Continued) 
Longitudinal  Analysis  of  HDL  Cholesterol  (mg/dl) 
(Continuous) 


b)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN 


Initial  Dioxin  Category  Summary  Statistics 

Analysis  Results  for  Logj 
(Initial  Dioxin)'’ 

initial 

Dioxin 

MeahV(n) 

Examination 

Adj.  Slope 

(Std.  Error)  p-Value 

1982 

1985 

1987 

1992 

Lx)w 

44.32 

(165) 

44.56 

(161) 

45.40 

(164) 

41.07 

(165) 

-0.002  (0.006)  0.796 

Medium 

42.32 

(160) 

42.19 

(155) 

42.84 

(156) 

38.87 

(160) 

High 

42.28 

(161) 

42.34 

(158) 

43.51 

(156) 

38.94 

(161) 

®  Transformed  from  natural  logarithm  scale. 

^  Results  based  on  difference  between  natural  logarithm  of  HDL  cholesterol  in  1992  and  natural  logarithm  of 
HDL  cholesterol  in  1982  versus  log2  (initial  dioxin);  results  adjusted  for  percent  body  fat  at  the  time  of  duty  in 
SEA,  the  change  in  percent  body  fat  from  the  time  of  duty  in  SEA  to  the  date  of  blood  draw  for  dioxin,  namral 
logarithm  of  1982  HDL  cholesterol,  and  age  in  1992. 

Note:  Low  =  39-98  ppt;  Medium  =  >98-232  ppt;  High  =  >232  ppt. 

Summary  statistics  for  1985  are  provided  for  reference  purposes  for  participants  who  attended  the 
Baseline,  1985,  and  1992  examinations.  Summ^  statistics  for  1987  are  provided  for  reference 
purposes  for  participants  who  attended  the  Baseline,  1987,  and  1992  examinations. 
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Table  13-69.  (Continued) 
Longitudinal  Analysis  of  HDL  Cholesterol  (mg/dl) 
(Continuous) 


c)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY 


Mean*/(n) 

Examination  Difference  of 


Dioxin  Cat^ory 

1982 

1985 

1987 

1992 

Exam. 

Mean  Change^* 

Exam. 

:  Mean  Change 

p-Value' 

Comparison 

44.64 

(888) 

44.59 

(876) 

45.27 

(875) 

40.61 

(888) 

-4.04 

Background  RH 

45.80 

(331) 

46.36 

(328) 

47.46 

(326) 

42.38 

(331) 

-3.42 

0.61 

0,185 

Low  RH 

44.20 

(243) 

44.18 

(237) 

44.92 

(241) 

40.69 

(243) 

-3.51 

0.53 

0.624 

HighRH 

41.79 

(243) 

41.91 

(237) 

42.93 

(235) 

38.59 

(243) 

-3.20 

0.84 

0.502 

Low  plus  High  RH 

42.98 

(486) 

43.03 

(474) 

43.93 

(476) 

39.63 

(486) 

-3.35 

0.69 

0.455 

^  Transformed  from  natural  logarithm  scale. 

^  Difference  between  1992  and  1982  examination  means  after  transformation  to  original  scale. 

^  P-value  is  based  on  analysis  of  natural  logarithm  of  HDL  cholesterol;  results  adjusted  for  percent  body  fat  at 
the  time  of  duty  in  SEA,  the  change  in  percent  body  fat  from  the  time  of  duty  in  SEA  to  the  date  of  the  blood 
draw  for  dioxin,  natural  logarithm  of  HDL  cholesterol  in  1982,  and  age  in  1992. 

Note:  RH  =  Ranch  Hand, 

Comparison:  Current  Dioxin  <10  ppt. 

Backgroimd  (Ranch  Hand):  Current  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  Current  Dioxin  >10  ppt,  10  ppt  <  Initial  Dioxin  <143  ppt. 

High  (Ranch  Hand):  Current  Dioxin  >  10  ppt,  Initial  Dioxin  >  143  ppt. 

Summary  statistics  for  1985  are  provided  for  reference  purposes  for  participants  who  attended  the 
Baseline,  1985,  and  1992  examinations.  Summary  statistics  for  1987  are  provided  for  reference 
purposes  for  participants  who  attended  the  Baseline,  1987,  and  1992  examinations. 
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HDL  Cholesterol  (Discrete) 

The  longitudinal  analysis  for  Model  1  did  not  reveal  a  significant  group  difference  in 
the  percentage  of  individuals  with  low  HDL  cholesterol  for  participants  who  had  normal 
HDL  cholesterol  in  1982  (Table  13-70(a):  p>0.16  for  all  contrasts).  For  Model  2,  the 
longitudinal  analysis  did  not  show  a  significant  association  between  initial  dioxin  and  HDL 
cholesterol  (Table  13-70(b):  p=0.950).  Examination  of  the  Model  3  results  did  not  reveal 
any  of  the  Ranch  Hand  categories  to  be  significantly  different  from  the  Comparison  group 
(Table  13-70(c):  p>0.11  for  aU  contrasts). 

In  both  the  Ranch  Hand  and  Comparison  cohorts,  the  percentage  of  participants  with 
low  HDL  cholesterol  displayed  a  noticeable  increase  between  1987  and  1992.  This  increase 
may  partially  be  attributed  to  a  change  in  measurement  procedure  between  the  1987  and  1992 
examinations  (ACA  in  1987  versus  Paramax*  in  1992). 

Cholesterol-HDL  Ratio  (Continuous) 

The  longitudinal  analysis  of  Model  1  did  not  find  a  significant  group  difference  in  the 
means  of  the  paired  differences  (Table  13-71(a):  p>0.37  for  all  contrasts).  Examination  of 
the  Model  2  results  did  not  reveal  a  significant  association  between  initial  dioxin  and  the 
paired  differences  for  cholesterol-HDL  ratio  (Table  13-71(b):  p=0.579).  For  Model  3,  the 
longitudinal  analysis  did  not  detect  a  significant  difference  between  any  of  the  Ranch  Hand 
categories  and  Comparison  group  (Table  13-71(c):  p>0.45  for  all  contrasts). 

Cholesterol-HDL  Ratio  (Discrete) 

The  longitudinal  analysis  for  Model  1  did  not  detect  a  significant  group  difference  in 
the  percentage  of  individuals  with  a  high  cholesterol-HDL  ratio  for  participants  who  had  a 
normal  cholesterol-HDL  ratio  in  1982  (Table  13-72(a):  p>0.24  for  all  contrasts).  The 
Model  2  analysis  did  not  reveal  a  significant  association  between  initial  dioxin  and 
cholesterol-HDL  ratio  (Table  13-72(b):  p=0.879).  For  Model  3,  the  longitudinal  analysis 
did  not  show  any  of  the  Ranch  Hand  categories  to  be  significantly  different  from  the 
Comparison  group  (Table  13-72(c):  p>0.36  for  all  contrasts). 

In  both  the  Ranch  Hand  and  Comparison  cohorts,  the  percentage  of  participants  with  a 
high  cholesterol-HDL  ratio  showed  a  marked  increase  between  1987  and  1992.  The  change 
in  measurement  procedures  between  1987  and  1992  (ACA  in  1987  versus  Paramax  in  1992) 
may  have  contributed  to  this  increase.  The  1987  and  1992  exammations  used  the  same 
definition  for  a  high  cholesterol-HDL  ratio. 

Triglycerides  (Continuous) 

Examination  of  the  paired  differences  in  the  longitudmal  analysis  of  Model  1  did  not 
show  a  significant  group  difference  (Table  13-73(a):  p>0.13  for  all  contrasts).  The  results 
for  Model  2  did  not  reveal  a  significant  association  between  initial  dioxin  and  the  paired 
differences  for  triglycerides  (Table  13-73(b):  p=0.256).  The  longitudinal  analysis  for  Model 
3  detected  a  marginally  significant  difference  between  the  high  Ranch  Hands  and  the 
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Table  13-70. 

Longitudinal  Analysis  of  HDL  Cholesterol 
(Discrete) 


a)  MODEL  1 :  RANCH  HANDS  VS.  COMPARISONS 

Occupational 

Category 

Percent  Low/(n) 
Examination 

Group 

1982 

1985 

1987 

1992 

All 

Ranch  Hand 

3.1 

4.1 

2.9 

11.0 

(867) 

(845) 

(839) 

(867) 

Comparison 

1.9 

4.0 

2.3 

8.5 

(1,029) 

(1,005) 

(999) 

(1,029) 

Officer 

Ranch  Hand 

3.4 

4.7 

3.5 

11.2 

(323) 

(317) 

(318) 

(323) 

Comparison 

2.5 

3.9 

1.3 

7.9 

(395) 

(387) 

(381) 

(395) 

EiJisted  Flyer 

Ranch  Hand 

3.3 

5.3 

4.0 

9.1 

(154) 

(152) 

(149) 

(154) 

Comparison 

1.8 

5.5 

3.6 

9.6 

(167) 

(164) 

(165) 

(167) 

Enlisted 

Ranch  Hand 

2.8 

3.2 

1.9 

11.5 

Groundcrew 

(390) 

(376) 

(372) 

(390) 

Comparison 

1.3 

3.5 

2.7 

8.6 

(467) 

(454) 

(453) 

(467) 

Normal  in  1982 


Occupational 

Categoiy 

Group 

n  in  1992 

Percent  Low  - 
in  1992 

:  Adj.  Rdative  Risk 
(95%  C.L)® 

p-Value® 

All 

Ranch  Hand 

840 

9.6 

1.26  (0.91,1.74) 

0.167 

Comparison 

1,010 

7.8 

Officer 

Ranch  Hand 

312 

9.6 

1.47  (0.85,2.54) 

0.170 

Comparison 

385 

6.8 

Enlisted  Flyer 

Ranch  Hand 

149 

8.1 

0.87  (0.39,1.93) 

0.731 

Comparison 

164 

9.2 

Enlisted 

Ranch  Hand 

379 

10.3 

1.28  (0.80,2.05) 

0.305 

Groundcrew 

Comparison 

461 

8.2 

*  Relative  risk,  confidence  interval,  and  p-values  are  in  reference  to  a  contrast  of  1982  and  1992  results;  results 
adjusted  for  age  in  1992. 


Note:  Summary  statistics  for  1985  are  provided  for  reference  purposes  for  participants  who  attended  the 

Baseline,  1985,  and  1992  examinations.  .Summary  statistics  for  1987  are  provided  for  reference  purposes 
for  participants  who  attended  the  Baseline,  1987,  and  1992  examinations.  Statistical  analyses  are  based 
only  on  participants  who  had  a  normal  HDL  cholesterol  level  in  1982  (see  Cht^ter  7,  Statistical 
Methods). 
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Table  13-70.  (Continued) 
Longitudinal  Analysis  of  HDL  Cholesterol 
(Discrete) 


b)  MODEL  2: 

RANCH  HANDS  —  INITIAL  DIOXIN 

Percent  Low/(n) 

Initial 

Examination 

1982 

1985 

1987 

1992 

Dioxin 

Low 

3.0 

3.7 

1.2 

7.9 

(165) 

(161) 

(164) 

(165) 

Medium 

3.8 

5.8 

2.6 

12.5 

(160) 

(155) 

(156) 

(160) 

High 

1.9 

4.4 

2.6 

11.2 

(161) 

(158) 

(156) 

(161) 

Initial  Dioxin  Category  Summary  Statistics 

Dioxin)^ 

Normal  in  1982 

Initial 

Dioxin 

Percent  Low 

n  in  1992  in  1992 

Adj.  Relative  Risk 
(95%  C.I.)” 

p-Value 

Low 

160 

7.5 

0.99  (0.77,1.27) 

0.950 

Medium 

154 

10.4 

High 

158 

9.5 

*  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  the  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  blood  draw  for  dioxin,  and  age  in  1992. 


Relative  risk  for  a  twofold  increase  in  initial  dioxin. 

Note:  Low  =  39-98  ppt;  Medium  =  >98-232  ppt;  High  =  >232  ppt. 

Summary  statistics  for  1985  are  provided  for  reference  purposes  for  participants  who  attended  the 
Baseline,  1985,  and  1992  examinations.  Summary  statistics  for  1987  are  provided  for  reference  purposes 
for  participants  who  attended  the  Baseline,  1987,  and  1992  examinations.  Statistical  analyses  are  based 
only  on  participants  who  had  a  normal  HDL  cholesterol  level  in  1982  (see  Chapter  7,  Statistical 
Methods). 
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Table  13-70.  (Continued) 
Longitudinal  Analysis  of  HDL  Cholesterol 
(Discrete) 


c)  MODEL  3: 

RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY 

'ercent  Low/{n) 

Examination 

l)io?dn  Category 

1982 

1985 

1987 

1992 

Comparison 

1.7 

4.2 

2.4 

8.3 

(888) 

(876) 

(875) 

(888) 

Background  RH 

3.3 

3.4 

3.7 

10.3 

(331) 

(328) 

(326) 

(331) 

LowRH 

3.7 

5.1 

1.7 

9.1 

(243) 

(237) 

(241) 

(243) 

High  RH 

2.1 

4.2 

2.6 

11.9 

(243) 

(237) 

(235) 

(243) 

Low  plus  High  RH 

2.9 

4.6 

2.1 

10.5 

(486) 

(474) 

(476) 

(486) 

Normal  in  1982 _ .  : 

Percent  Low  in  Adj.  Rdatire  Risk 


Dioxin  Category 

n in  1992 

1992 

(95%C.L)* 

p-Value** 

Comparison 

873 

7.7 

Background  RH 

320 

9.1 

1.46(0.91,2.32) 

0.115 

Low  RH 

234 

8.1 

1.03  (0.60,1.77) 

0.914 

HighRH 

238 

10.1 

1.16  (0.70,1.92) 

0.567 

Low  plus  High  RH 

472 

9.1 

1.10(0.73,1.65) 

0.657 

®  Relative  risk  and  confidence  interval  relative  to  Comparisons. 

Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  the  change  in  percent  body  fat  fi'om  the  time  of  duty 
in  SEA  to  the  date  of  blood  draw  for  dioxin,  and  age  in  1992. 

Note:  RH  =  Ranch  Hand. 

Con^arison:  Current  Dioxin  ^  10  ppt. 

Background  (Ranch  Hand);  Current  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  Current  Dioxin  >10  ppt,  10  ppt  <  Initial  Dioxin  <143  ppt. 

High  (Ranch  Hand):  Current  Dioxin  >  10  ppt.  Initial  Dioxin  >  143  ppt. 

Summary  statistics  for  1985  are  provided  for  reference  purposes  for  participants  who  attended  the 
Baseline,  1985,  and  1992  examinations.  Summary  statistics  for  1987  are  provided  for  reference 
purposes  for  participants  who  attended  the  Baseline,  1987,  and  1992  examinations.  Statistical  analyses 
are  based  only  on  participants  who  had  a  normal  HDL  cholesterol  level  in  1982  (see  Chapter  7, 

Statistical  Methods). 
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Table  13-71. 

Longitudinal  Analysis  of  Cholesterol-HDL  Ratio 
(Continuous) 


a)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS 


Occupational 

Category 

Mean^/(n) 

Examination 

Exam, 

Mean 

Change** 

Difference 

Group 

1982 

1985 

1987 

1992 

Ul  JurXalUB 

Mean  Change 

p-Value® 

All 

Ranch  Hand 

4.77 

(867) 

4.81 

(845) 

4.72 

(839) 

5.28 

(867) 

0.52 

0.05 

0.375 

Comparison 

4.78 

(1,029) 

4.81 

(1,005) 

4.70 

(999) 

5.25 

(1,029) 

0.47 

Officer 

Ranch  Hand 

4.62 

(323) 

4.67 

(317) 

4.57 

(318) 

5.05 

(323) 

0.42 

0.06 

0.456 

Comparison 

4.64 

(395) 

4.62 

(387) 

4.53 

(381) 

5.01 

(395) 

0.37 

Enlisted  Flyer 

Ranch  Hand 

4.99 

(154) 

5.01 

(152) 

4.82 

(149) 

5.38 

(154) 

0.39 

0.07 

0.839 

Comparison 

5.17 

(167) 

5.10 

(164) 

4.98 

(165) 

5.48 

(167) 

0.32 

Enlisted 

Groundcrew 

Ranch  Hand 

4.80 

(390) 

4.85 

(376) 

4.81 

(372) 

5.45 

(390) 

0.65 

0.04 

0.608 

Comparison 

4.77 

(467) 

4.86 

(454) 

4.75 

(453) 

5.37 

(467) 

0.61 

“  Transformed  from  natural  logarithm  scale. 

Difference  between  1992  and  1982  examination  means  after  transformation  to  original  scale. 

'  P-value  is  based  on  analysis  of  natural  logarithm  of  cholesterol-HDL  ratio;  results  adjusted  for  natural 
logarithm  of  cholesterol-HDL  ratio  in  1982  and  age  in  1992. 

Note:  Summary  statistics  for  1985  are  provided  for  reference  purposes  for  participants  who  attended  the 

Baseline,  1985,  and  1992  examinations.  Summary  statistics  for  1987  are  provided  for  reference  purposes 
for  participants  who  attended  the  Baseline,  1987,  and  1992  examinations. 
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Table  13-71.  (Continued) 
Longitudinal  Analysis  of  Cholesterol-HDL  Ratio 
(Continuous) 


b)  MODEL  2:  RANCH  HANDS 

—  iNrnAi 

.DIOXIN 

^  M  Dioxin  Category  Summary  l^tistics 

Analysis  Results  for  Logj 

(Initial  Dioxin)’* 

Mean®/(n) 

Examination 

Initial 

Adj.  Slope 

Dioxin 

1982 

1985 

1987 

1992 

(Std.  Error)  p-Value 

Low 

4.79 

4.85 

4.74 

5.25 

0.004  (0.007)  0.579 

(165) 

(161) 

(164) 

(165) 

Medium 

4.97 

5.09 

4.99 

5.49 

(160) 

(155) 

(156) 

(160) 

High 

5.06 

5.09 

4.99 

5.56 

(161) 

(158) 

(156) 

(161) 

“  Transformed  from  namral  logarithm  scale. 

^  Results  based  on  difference  between  natural  logarithm  of  cholesterol-HDL  ratio  in  1992  and  natural  logarithm 
of  cholesterol-HDL  ratio  in  1982  versus  logj  (initial  dioxin);  results  adjusted  for  percent  body  fat  at  the  time  of 
duty  in  SEA,  the  change  in  percent  body  fat  from  the  time  of  duty  in  SEA  to  the  date  of  blood  draw  for  dioxin, 
natural  logarithm  of  1982  cholesterol-HDL  ratio,  and  age  in  1992. 

Note:  Low  =  39-98  ppt;  Medium  =  >98-232  ppt;  High  =  >232  ppt. 

Summary  statistics  for  1985  are  provided  for  reference  purposes  for  participants  who  attended  the 
Baseline,  1985,  and  1992  examinations.  Summary  statistics  for  1987  are  provided  for  reference 
purposes  for  participants  who  attended  the  Baseline,  1987,  and  1992  examinations. 
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Table  13-71.  (Continued) 
Longitudinal  Analysis  of  Cholesterol-HDL  Ratio 
(Continuous) 


c)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXP?  CATEGORY 


Mean^/Cn) 

Examination  Difference  of 


Dioxin  Cat^ory 

1982 

1985 

1987 

1992 

Exam. 

Mean  Change'’ 

Exam. 

Mean  Change 

p-Valne‘ 

Comparison 

4.81 

(888) 

4.85 

(876) 

4.75 

(875) 

5.28 

(888) 

0.47 

Background  RH 

4.54 

(331) 

4.55 

(328) 

4.46 

(326) 

5.03 

(331) 

0.49 

0.02 

0.902 

LowRH 

4.78 

(243) 

4.86 

(237) 

4.75 

(241) 

5.25 

(243) 

0.47 

0.00 

0.707 

HighRH 

5.09 

(243) 

5.17 

(237) 

5.07 

(235) 

5.62 

(243) 

0.53 

0.06 

0.452 

Low  plus  High  RH 

4.93 

(486) 

5.01 

(474) 

4.91 

(476) 

5.43 

(486) 

0.50 

0.03 

0.469 

*  Transformed  from  natural  logarithm  scale. 

Difference  between  1992  and  1982  examination  means  after  transformation  to  original  scale. 

'  P-value  is  based  on  analysis  of  natural  logarithm  of  cholesterol-HDL  ratio;  results  adjusted  for  percent  body 
fat  at  the  time  of  duty  in  SEA,  the  change  in  percent  body  fat  from  the  time  of  duty  in  SEA  to  the  date  of  the 
blood  draw  for  dioxin,  natural  logarithm  of  cholesterol-HDL  ratio  in  1982,  and  age  in  1992. 

Note:  RH  =  Ranch  Hand. 

Comparison:  Current  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  Current  Dioxin  <10  ppt. 

Low  (Ranch  Hand):  Current  Dioxin  >10  ppt,  10  ppt  <  Initial  Dioxin  <143  ppt. 

High  (Ranch  Hand):  Current  Dioxin  >10  ppt.  Initial  Dioxin  >143  ppt. 

Summary  statistics  for  1985  are  provided  for  reference  purposes  for  participants  who  attended  the 
Baseline,  1985,  and  1992  examinations.  Summaiy  statistics  for  1987  are  provided  for  reference 
purposes  for  participants  who  attended  the  Baseline,  1987,  and  1992  examinations. 
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Table  13-72. 

Longitudinal  Analysis  of  Cholesterol-HDL  Ratio 
(Discrete) 


a)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS 

Occupational 

Category 

Percent  ffigh/(n) 
Examination 

Group 

1982 

1985 

1987 

1992 

AU 

Ranch  Hand 

45.8 

45.8 

43.4 

58.6 

(867) 

(845) 

(839) 

(867) 

Comparison 

44.6 

44.4 

42.8 

57.1 

(1,029) 

(1,005) 

(999) 

(1,029) 

Officer 

Ranch  Hand 

39.6 

44.2 

40.9 

50.5 

(323) 

(317) 

(318) 

(323) 

Comparison 

41.5 

38.5 

36.8 

49.1 

(395) 

(387) 

(381) 

(395) 

Enlisted  Flyer 

Ranch  Hand 

51.3 

47.4 

42.3 

64.3 

(154) 

(152) 

(149) 

(154) 

Comparison 

56.3 

51.2 

53.9 

63.5 

(167) 

(164) 

(165) 

(167) 

Enlisted 

Ranch  Hand 

48.7 

46.5 

46.0 

63.1 

Groundcrew 

(390) 

(376) 

(372) 

(390) 

Comparison 

43.0 

46.9 

43.9 

61.5 

(467) 

(454) 

(453) 

(467) 

Normal  in  1982 


Occupational 

Categoiy 

Group 

n  in  1992 

Percent  iUgfa 
in  1992 

Adj.  Relative  Risk 
<95%  C.I.)® 

p-Valne^ 

All 

Ranch  Hand 

470 

34.5 

0.93  (0.72,1.20) 

0.570 

Comparison 

570 

36.1 

Officer 

Ranch  Hand 

195 

29.2 

0.99(0.65,1.51) 

0.969 

Comparison 

231 

29.4 

Enlisted  Flyer 

Ranch  Hand 

75 

42.7 

1.26  (0.65,2.43) 

0.497 

Comparison 

73 

37.0 

Enlisted 

Ranch  Hand 

200 

36.5 

0.80(0.55,1.17) 

0.246 

Groundcrew 

Comparison 

266 

41.7 

“  Relative  risk,  confidence  interval,  and  p-values  are  in  reference  to  a  contrast  of  1982  and  1992  results;  results 
adjusted  for  age  in  1992. 

Note:  Summary  statistics  for  1985  are  provided  for  reference  purposes  for  participants  who  attended  the 

Baseline,  1985,  and  1992  examinations.  Summary  statistics  for  1987  are  provided  for  reference  purposes 
for  participants  who  attended  the  Baseline,  1987,  and  1992  examinations.  Statistical  analyses  are  based 
only  on  participants  who  had  a  normal  cholesterol-HDL  ratio  level  in  1982  (see  Chapter  7,  Statistical 
Methods). 
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Table  13-72.  (Continued) 
Longitudinal  Analysis  of  Cholesterol-HDL  Ratio 
(Discrete) 


b)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN 


Percent  Higb/(n) 
Examination 


Initial 

Dioxin 

1982 

1985 

1987 

1992 

Low 

44.2 

46.6 

43.9 

56.4 

(165) 

(161) 

(164) 

(165) 

Medium 

50.0 

50.3 

50.0 

68.1 

(160) 

(155) 

(156) 

(160) 

High 

54.7 

53.8 

50.0 

63.4 

(161) 

(158) 

(156) 

(161) 

Initial  Dioxin  Category  Summary  Statistics 

Analysis  Results  for  Log2  (Initial  Dioxin)^ 

Normal  in  1982 

Initial 

Percent  High 

Adj.  Relative  Risk 

DioxiB 

11  in  1992 

in  1992 

p-Value 

Low 

92 

29.4 

1.02(0.82,1.26) 

0.879 

Medium 

80 

45.0 

High 

73 

34.3 

^  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  the  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  blood  draw  for  dioxin,  and  age  in  1992. 


Relative  risk  for  a  twofold  increase  in  initial  dioxin. 

Note:  Low  =  39-98  ppt;  Medium  =  >98-232  ppt;  High  =  >232  ppt. 

Summary  statistics  for  1985  are  provided  for  reference  purposes  for  participants  who  attended  the 
Baseline,  1985,  and  1992  examinations.  Summary  statistics  for  1987  are  provided  for  reference  purposes 
for  participants  who  attended  the  Baseline,  1987,  and  1992  examinations.  Statistical  analyses  are  based 
only  on  participants  who  had  a  normal  cholesterol-HDL  ratio  level  in  1982  (see  Chapter  7,  Statistical 
Methods). 
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Table  13-72.  (Continued) 
Longitudinal  Analysis  of  Cholesterol-HDL  Ratio 
(Discrete) 


I 

1 

RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY 

Percait 'Higli/(h) 
i'Examinatiori 

Dioxin  Cat^ory 

1982 

1985 

1987 

19S^ 

Comparison 

44.4 

44.9 

43.7 

57.9 

(888) 

(876) 

(875) 

(888) 

Background  RH 

39.3 

39.6 

35.6 

52.0 

(331) 

(328) 

(326) 

(331) 

LowRH 

43.6 

44.7 

43.6 

58.4 

(243) 

(237) 

(241) 

(243) 

High  RH 

55.6 

55.7 

52.3 

66.7 

(243) 

(237) 

(235) 

(243) 

Low  plus  High  RH 

49.6 

50.2 

47.9 

62.6 

(486) 

(474) 

(476) 

(486) 

Nonnal  in  1982 


Dioxm  Category 

n in  1992 

Percent  BBgh  in 
1992 

Adj.  Relative  Risk 
(9S%C.L)^ 

p-Value'’ 

Comparison 

494 

37.3 

Background  RH 

201 

32.8 

0.88  (0.61,1.25) 

0.463 

LowRH 

137 

33.6 

0.83  (0.55,1.24) 

0.361 

High  RH 

108 

38.9 

0.97  (0.63,1.50) 

0.894 

Low  plus  High  RH 

245 

35.9 

0.89  (0.64,1.23) 

0.477 

®  Relative  risk  and  confidence  interval  relative  to  Comparisons. 

Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  the  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  blood  draw  for  dioxin,  and  age  in  1992. 

Note:  RH  =  Ranch  Hand. 

Comparison:  Current  Dioxin  ^  10  ppt. 

Background  (Ranch  Hand):  Current  Dioxin  <10  ppt. 

Low  (Ranch  Hand):  Current  Dioxin  >10  ppt,  10  ppt  <  Initial  Dioxin  <143  ppt. 

High  (Ranch  Hand):  Current  Dioxin  >  10  ppt.  Initial  Dioxin  >  143  ppt. 

Summary  statistics  for  1985  are  provided  for  reference  purposes  for  participants  who  attended  the 
Baseline,  1985,  and  1992  examinations.  Summary  statistics  for  1987  are  provided  for  reference 
purposes  for  participants  who  attended  the  Baseline,  1987,  and  1992  examinations.  Statistical  analyses 
are  based  only  on  participants  who  had  a  normal  cholesterol-HDL  ratio  level  in  1982  (see  Ch^ter  7, 
Statistical  Methods). 
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Table  13-73. 

Longitudinal  Analysis  of  Triglycerides  (n^/dl) 
(Continuous) 


a)  MODEL  1;  RANCH  HANDS  VS.  COMPARISONS 
Mean^/(n) 


Occupational 

Caf^ory 

Examination 

Exam, 

Mean 

Chang^ 

Difference 
of  Exam. 
Mean  Change 

Group 

1982 

1985 

1987 

1992 

p-Value® 

All 

Ranch  Hand 

121.48 

(884) 

118.37 

(862) 

120.17 

(855) 

147.67 

(884) 

26.19 

2.31 

0.426 

Comparison 

121.28 

(1,038) 

118.82 

(1,014) 

119.34 

(1,008) 

145.15 

(1,038) 

23.88 

Officer 

Ranch  Hand 

121.44 

(332) 

118.30 

(326) 

117.57 

(327) 

145.03 

(332) 

23.58 

3.65 

0.196 

Comparison 

116.23 

(398) 

111.38 

(390) 

111.19 

(384) 

136.17 

(398) 

19.93 

Enlisted  Flyer 

Ranch  Hand 

130.14 

(158) 

122.02 

(156) 

123.02 

(153) 

145.21 

(158) 

15.07 

-8.83 

0.136 

Comparison 

134.76 

(169) 

131.86 

(166) 

131.51 

(167) 

158.66 

(169) 

23.90 

Enlisted 

Groundcrew 

Ranch  Hand 

118.21 

(394) 

116.95 

(380) 

121.33 

(375) 

150.95 

(394) 

32.74 

5.40 

0.358 

Comparison 

121.04 

(471) 

120.89 

(458) 

122.23 

(457) 

148.39 

(471) 

27.35 

“  Transformed  from  natural  logarithm  scale. 

Difference  between  1992  and  1982  examination  means  after  transformation  to  original  scale. 

'  P-value  is  based  on  analysis  of  natural  logarithm  of  triglycerides;  results  adjusted  for  natural  logarithm  of 
triglycerides  in  1982  and  age  in  1992. 

Note:  Summary  statistics  for  1985  are  provided  for  reference  purposes  for  participants  who  attended  the 

Baseline,  1985,  and  1992  examinations.  Summary  statistics  for  1987  are  provided  for  reference  purposes 
for  participants  who  attended  the  Baseline,  1987,  and  1992  examinations. 
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Table  13-73.  (Continued) 
Longitudinal  Analysis  of  Triglycerides  (mg/dl) 
(Continuous) 


b)  MODEL  2:  RANCH  HAINTOS  —  INITIAL  DIOXIN 


Initial 

Dioxin 

Initial  Dioxin  Category  Summary  l^atistics 

MeanV(n) 

Examination 

Analysis  Results  for  Logj 
(Initial  Dioxin)'’ 

Adj.  Slope 

(Std.  Error)  p-Value 

1982 

1985 

1987 

1992 

Low 

126.17 

(166) 

121.03 

(162) 

119.56 

(165) 

144.39 

(166) 

0.018  (0.015)  0.256 

Medium 

130.57 

(166) 

130.43 

(161) 

142.55 

(162) 

164.49 

(166) 

High 

134.61 

(166) 

135.79 

(163) 

136.50 

(160) 

164.77 

(166) 

®  Transformed  from  natural  logarithm  scale. 

Results  based  on  difference  between  natural  logarithm  of  triglycerides  in  1992  and  natural  logarithm  of 
triglycerides  in  1982  versus  logj  (initial  dioxin);  results  adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA, 
the  change  in  percent  body  fat  from  the  time  of  duty  in  SEA  to  the  date  of  blood  draw  for  dioxin,  natural 
logarithm  of  1982  triglycerides,  and  age  in  1992. 

Note:  Low  =  39-98  ppt;  Medium  =  >98-232  ppt;  High  =  >232  ppt. 

Summary  statistics  for  1985  are  provided  for  reference  purposes  for  participants  who  attended  the 
Baseline,  1985,  and  1992  examinations.  Summary  statistics  for  1987  are  provided  for  reference 
purposes  for  participants  who  attended  the  Baseline,  1987,  and  1992  examinations. 
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Table  13-73.  (Continued) 
Longitudinal  Analysis  of  Triglycerides  (mg/dl) 
(Continuous) 


c)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXDJ  CATEGORY 

Mean®/(n) 

Examination 

Exam. 

Mean  Change'’ 

Difforence  of 

Dioxin  Category 

1982 

1985 

1987 

1992 

Exam. 

Mean  Cliange 

p.Value= 

Comparison 

122.65 

(896) 

119.82 

(884) 

121.62 

(883) 

146.71 

(896) 

24.07 

Background  RH 

109.10 

(335) 

104.81 

(332) 

104.41 

(330) 

132.74 

(335) 

23.64 

-0.43 

0.462 

LowRH 

125.29 

(247) 

122.98 

(241) 

123.36 

(245) 

147.77 

(247) 

22.48 

-1.58 

0.956 

High  RH 

135.65 

(251) 

135.11 

(245) 

142.23 

(242) 

167.88 

(251) 

32.24 

8.17 

0.056 

Low  plus  High  RH 

130.41 

(498) 

128.95 

(486) 

132.40 

(487) 

157.59 

(498) 

27.18 

3.11 

0.207 

^  Transformed  from  natural  logarithm  scale. 

Difference  between  1992  and  1982  examination  means  after  transformation  to  original  scale. 

P-value  is  based  on  analysis  of  natural  logarithm  of  triglycerides;  results  adjusted  for  percent  body  fat  at  the 
time  of  duty  in  SEA,  the  change  in  percent  body  fat  from  the  time  of  duty  in  SEA  to  the  date  of  the  blood  draw 
for  dioxin,  natural  logarithm  of  triglycerides  in  1982,  and  age  in  1992. 

Note:  RH  =  Ranch  Hand. 

Con^arison:  Current  Dioxin  <  10  ppt. 

Backgrotmd  (Ranch  Hand):  Current  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  Current  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <143  ppt. 

High  (Ranch  Hand):  Current  Dioxin  >  10  ppt.  Initial  Dioxin  >  143  ppt. 

Summary  statistics  for  1985  are  provided  for  reference  purposes  for  participants  who  attended  the 
Baseline,  1985,  and  1992  examinations.  Summary  statistics  for  1987  are  provided  for  reference 
purposes  for  participants  who  attended  the  Baseline,  1987,  and  1992  examinations. 
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Comparison  group  (Table  13-73(c);  p=0.056).  The  mean  paired  difference  was  greater  for 
the  high  Ranch  Hands  than  the  Comparison  group  (32.24  mg/dl  vs.  24.07  mg/dl). 

Triglycerides  (Discrete) 

The  Idngimdinal  analysis  for  Model  1  did  not  reveal  a  significant  group  difference  in 
the  percentage  of  individuals  with  high  levels  of  triglycerides  for  participants  who  had 
normal  levels  of  triglycerides  at  the  1982  examination  (Table  13-74(a):  p>0.36  for  all 
contrasts).  For  Model  2,  the  longitudinal  analysis  did  not  detect  a  significant  association 
between  initial  dioxin  and  triglycerides  (Table  13-74(b):  p=0.587).  Examination  of  the 
Model  3  results  did  not  show  any  of  the  Ranch  Hand  categories  to  be  significantly  different 
from  the  Comparison  group  (Table  13-74(c):  p>0.43  for  all  contrasts). 

In  both  the  Ranch  Hand  and  Comparison  cohorts,  the  percentage  of  participants  with 
high  measurements  of  triglycerides  showed  a  marked  decrease  between  1982  and  1985  and  a 
noticeable  increase  between  1987  and  1992.  The  decrease  between  1982  and  1985  may 
partly  be  attributed  to  a  change  in  the  definition  of  a  high  triglyceride  level  between  1982 
and  1985.  For  example,  for  participants  less  than  40  years  of  age  in  1982,  a  high 
triglyceride  level  was  greater  than  150  mg/dl,  whereas  the  1985  examination  defined  a  high 
triglyceride  level  as  greater  than  320  mg/dl.  The  increase  between  1987  and  1992  may  have 
been  caused  by  a  change  in  the  measurement  technique  (AC A  in  1987  versus  Paramax®  in 
1992). 

DISCUSSION 

Signs  and  symptoms  associated  with  the  gastrointestinal  system  are  encountered 
frequently  in  ambulatory  medicine.  The  historical,  physical  examination,  and  laboratory 
parameters  included  in  the  gastrointestinal  assessment  are  well  established  in  clinical  practice 
as  screening  tools  in  the  outpatient  investigation  of  digestive  disorders. 

It  is  important  to  recognize  the  limitations  of  relying  on  data  from  the  patient  history 
and  physical  examination  when  diagnosing  digestive  disorders.  Rather  than  pointing  to  a 
particular  diagnosis,  digestive  symptoms  frequently  are  nonspecific  and  intermittent.  In  this 
setting,  even  the  best  designed  medical  history  questionnaire  can  be  subject  to  error. 

“Ulcer”  and  “colitis”  are  diagnoses  that  are  conunonly  reported  but  often  not  accurately 
established.  As  a  common  target  organ  for  situational  stress,  the  bowel  frequently  gives  rise 
to  symptoms  that  can  be  severe  but  that  are  functional  in  nature  and  resolve  over  time. 

These  caveats  highlight  the  importance  of  the  type  of  medical  record  verification  conducted 
in  the  current  study  and,  in  the  case  of  hepatitis,  the  need  for  serologic  confirmation. 

The  physical  examination  of  the  gastrointestinal  system  is  often  of  limited  value  and 
can  be  misleading  in  the  differential  diagnosis.  For  example,  detecting  hepatomegaly  in  the 
obese  patient  is  unreliable.  In  obstructive  airway  disease,  with  hyperinflation  of  the  lungs 
and  flattening  of  the  diaphragms,  the  liver  edge  may  descend  abnormally  below  the  right 
costal  margin  in  the  absence  of  hepatomegaly.  Even  in  the  best  circumstance,  the  span  of 
the  liver  by  palpation  or  percussion  is  often  an  unreliable  index  of  liver  size. 
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Table  13-74. 

Longitudinal  Analysis  of  Triglycerides 
(Discrete) 


a)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS 

■ 

Percent  Ifigh/(n) 

Occupational 

Cat^ory 

Examination 

Group 

1982 

1985 

1987 

1992 

All 

Ranch  Hand 

31.7 

7.3 

7.3 

11.4 

(884) 

(862) 

(855) 

(884) 

Comparison 

32.6 

6.3 

6.6 

9.5 

(1,038) 

(1,014) 

(1,008) 

(1,038) 

Officer 

Ranch  Hand 

28.6 

10.1 

7.6 

12.1 

(332) 

(326) 

(327) 

(332) 

Comparison 

29.7 

5.9 

6.8 

8.3 

(398) 

(390) 

(384) 

(398) 

Enlisted  Flyer 

Ranch  Hand 

37.3 

9.0 

7.2 

13.3 

(158) 

(156) 

(153) 

(158) 

Comparison 

37.3 

6.6 

6.6 

11.2 

(169) 

(166) 

(167) 

(169) 

Enlisted 

Ranch  Hand 

32.0 

4.2 

6.9 

10.2 

Groundcrew 

(394) 

(380) 

(375) 

(394) 

Comparison 

33.3 

6.6 

6.4 

10.0 

(471) 

(458) 

(457) 

(471) 

Occupational 

Category 

Group 

Normal  in  1982 

Percent  High 
n  in  1992  in  1992 

Adj.  Rd^ive  Risk 
(95%C.I.)* 

p-Value® 

All 

Ranch  Hand 

604 

2.8 

1.12  (0.57,2.19) 

0.749 

Comparison 

700 

2.6 

Officer 

Ranch  Hand 

237 

3.0 

1.72  (0.54,5.50) 

0.361 

Comparison 

280 

1.8 

Enlisted  Flyer 

Ranch  Hand 

99 

1.0 

0.36  (0.04,3.52) 

0.377 

Comparison 

106 

2.8 

Enlisted 

Ranch  Hand 

268 

3.4 

1.10(0.44,2.75) 

0.838 

Groundcrew 

Comparison 

314 

3.2 

®  Relative  risk,  confidence  interval,  and  p-values  are  in  reference  to  a  contrast  of  1982  and  1992  results;  results 
adjusted  for  age  in  1992. 


Note:  Summary  statistics  for  1985  are  provided  for  reference  purposes  for  participants  who  attended  the 

Baseline,  1985,  and  1992  examinations.  Summary  statistics  for  1987  are  provided  for  reference  purposes 
for  participants  who  attended  the  Baseline,  1987,  and  1992  examinations.  Statistical  analyses  are  based 
only  on  participants  who  had  a  normal  triglycerides  level  in  1982  (see  Qiapter  7,  Statistical  Methods). 
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Table  13-74.  (Continued) 
Longitudinal  Analysis  of  Triglycerides 
(Discrete) 


b)  MODEL  2: 

RANCH  HANDS  -  INITIAL  DIOXIN 

Perc«it  jBBgh/(n) 

Initial 

Examination 

1982 

1985 

1987 

1992 

Dioxin 

Low 

33.7 

8.6 

5.5 

9.6 

(166) 

(162) 

(165) 

(166) 

Medium 

36.1 

9.9 

9.9 

16.9 

(166) 

(161) 

(162) 

(166) 

High 

39.2 

8.0 

12.5 

13.3 

(166) 

(163) 

(160) 

(166) 

Initial  Dioxin  Category  Summary  Statistics 

Analysis  Results  for  Logj  (Initial  Dioxin)^ 

Normal  in  1982 

Initial 

Dioxin 

Percent  IGgh 

n  in  1992  in  1992 

Adj.  Relative  Risk 
(95%  €.!.)” 

p-Value 

Low 

110 

2.7 

1.13  (0.73,1.74) 

0.587 

Medium 

106 

6.6 

High 

101 

2.0 

®  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  the  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  blood  draw  for  dioxin,  and  age  in  1992. 


Relative  risk  for  a  twofold  increase  in  initial  dioxin. 

Note:  Low  =  39-98  ppt;  Medium  =  >98-232  ppt;  High  =  >232  ppt. 

Summary  statistics  for  1985  are  provided  for  reference  purposes  for  participants  who  attended  the 
Baseline,  1985,  and  1992  examinations.  Summary  statistics  for  1987  are  provided  for  reference  purposes 
for  participants  who  attended  the  Baseline,  1987,  and  1992  examinations.  Statistical  analyses  are  based 
only  on  participants  who  had  a  normal  triglycerides  level  in  1982  (see  Chapter  7,  Statistical  Methods). 
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Table  13-74.  (Continued) 
Longitudinal  Analysis  of  Triglycerides 
(Discrete) 


c)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY 

Percoif  Elgli/(n) 

Examination 

Dioxin  Cat^ory 

1982 

1985 

-  ,  1987. 

1992 

Comparison 

33.4 

6.6 

7.1 

9.7 

(896) 

(884) 

(883) 

(896) 

Background  RH 

24.2 

4.5 

4.6 

8.7 

(335) 

(332) 

(330) 

(335) 

Low  RH 

34.8 

9.5 

7.4 

11.3 

(247) 

(241) 

(245) 

(247) 

HighRH 

37.9 

8.2 

11.2 

15.1 

(251) 

(245) 

(242) 

(251) 

Low  plus  High  RH 

36.4 

8.9 

9.2 

13.3 

(498) 

(486) 

(487) 

(498) 

Normal  in  1982 

Dioxin  Category 

n in  1992 

Percoit  BBgJi  m  ^ 
■'  ■  1992  J 

Adj.  Rdative  Risk 
(95%C.L)*  , 

:  p-Value’’ 

Comparison 

597 

3.0 

Background  RH 

254 

2.0 

0.72  (0.26,1.99) 

0.529 

LowRH 

161 

3.1 

0.91  (0.33,2.51) 

0.850 

HighRH 

156 

4.5 

1.44  (0.58,3.61) 

0.432 

Low  plus  High  RH 

317 

3.8 

1.15  (0.54,2.46) 

0.709 

®  Relative  risk  and  confidence  interval  relative  to  Comparisons. 

*’  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  the  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  blood  draw  for  dioxin,  and  age  in  1992. 

Note;  RH  =  Ranch  Hand. 

Comparison:  Current  Dioxin  <10  ppt. 

Background  (Ranch  Hand):  Current  Dioxin  <10  ppt. 

Low  (Ranch  Hand):  Current  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  143  ppt. 

High  (Ranch  Hand):  Current  Dioxin  >  10  ppt.  Initial  Dioxin  >  143  ppt. 

Summary  statistics  for  1985  are  provided  for  reference  purposes  for  participants  who  attended  the 
Baseline,  1985,  and  1992  examinations.  Summary  statistics  for  1987  are  provided  for  reference 
purposes  for  participants  who  attended  the  Baseline,  1987,  and  1992  examinations.  Statistical  analyses 
are  based  only  on  participants  who  had  a  normal  triglycerides  level  in  1982  (see  Chapter  7,  Statistical 
Methods). 
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Although  there  are  limitations  to  the  history  and  physical  examination,  data  collected 
in  the  laboratory  can  provide  early  insight  into  the  presence  of  occult  liver  disease.  The  four 
hepatic  enzymes  analyzed  as  dependent  variables  (AST,  ALT,  GGT,  and  LDH)  are 
commonly  ordered  in  the  outpatient  setting.  Present  in  high  intracellular  concentration,  these 
enzymes,  of  which  GGT  is  the  most  sensitive,  are  released  in  virtually  all  toxic, 
inflammatory  and  neoplastic  diseases  with  hepatic  involvement. 

The  hepatic  enzymes  are  used  in  the  detection  and  followup  of  parenchymal  liver 
disease.  The  serum  alkaline  phosphatase  and  bilirubin  are  reflective  of  hepatobiliary  function 
and  are  elevated  in  “cholestatic”  or  “obstructive”  diseases.  Although  present  in  virtually  all 
organ  systems,  the  serum  alkaline  phosphatase  in  the  adult  population  under  study  is  of  dual 
origin  and  close  to  a  50-50  mixture  of  liver-  and  bone-derived  fractions.  An  elevated 
alkaline  phosphatase  is  by  no  means  diagnostic  of  liver  disease.  An  elevated  alkaline 
phosphatase  level  may  occur  in  a  broad  range  of  unrelated  clinical  conditions  including  drug- 
induced  cholestasis,  Paget’s  disease  (3%  of  males  over  age  40),  neoplasia  with  metastases  to 
bone,  and  congestive  heart  failure. 

Similarly,  the  bilirubin  measurements  are  subject  to  numerous  hereditary  and  acquired 
disorders  unrelated  to  intrinsic  hepatic  disease.  The  benign  hyperbilirubinemia  of  Gilbert’s 
syndrome  will  occur  in  5  percent  of  the  population  under  study.  Many  medications, 
including  over-the-counter  preparations,  have  been  implicated  in  the  overproduction  of 
bilirubin  in  the  hemolytic  reactions  associated  with  glucose-6-phosphate  dehydrogenase 
deficiency,  which  may  occur  in  up  to  15  percent  of  Black  American  males. 

In  the  current  assessment,  analysis  of  the  historical  and  clinical  examination  variables 
revealed  no  evidence  of  any  overt  hepatic  disease  related  to  the  current  body  burden  of 
dioxin.  Most  of  the  statistically  significant  associations  that  occurred  in  relation  to  the 
extrapolated  initial  level  of  serum  dioxin  were  limited  to  the  laboratory  indices.  With  the 
exceptions  noted  below,  these  associations  were  found  in  the  continuous,  rather  than  the 
more  clinically  relevant  discrete,  analysis.  While  the  observed  dose-response  findings  are 
not  accompanied  by  clinical  disease,  they  may  still  represent  subclinical  effects. 

With  a  few  exceptions,  the  history  of  digestive  diseases  documented  by  medical  record 
review  was  .similar  in  the  Ranch  Hand  and  Comparison  cohorts.  Ranch  Hands  were  less 
likely  than  Comparisons  to  have  a  history  of  jaundice  (1.8%  vs.  3.0%),  a  finding  that  is 
consistent  with  the  highly  significant  (p<  0.001)  inverse  dose-response  effect  found  in  all 
models  relating  this  covariate  to  current  serum  dioxin.  In  contrast,  a  positive  dose-response 
was  noted  in  Ranch  Hands  who  were  more  likely  than  Comparisons  to  have  a  history  of  . 
“other  liver  disorders”  (30.1%  vs.  27.9%),  a  combination  of  ICD  categories  that  included  4 
participants  with  unspecified  liver  disorders  and  637  participants  with  nonspecific  laboratory 
test  elevations  at  earlier  AFHS  physical  examinations. 

The  laboratory  data  examined  can  be  divided  broadly  into  parenchymal  (serum 
enzymes),  hepatobillar  (serum  bilirubin  and  alkaline  phosphatase),  lipid/carbohydrate  indices, 
and  a  10-element  protein  profile  including  prealbumin,  albumin,  a- 1 -acid  glycoprotein,  a-1 
antitrypsin,  a-2  macroglobulin,  apoliprotein  B,  Cj  complement,  C4  complement  haptoglobin, 
and  transferrin.  The  components  of  the  protein  profile  were  selected  to  provide  a 
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comprehensive,  if  nonspecific,  reflection  of  multiple  organ  systems  involved  in  homeostasis 
and  to  rule  out  a  subclinical  inflammatory  process  that  might  be  associated  with  prior  TCDD 
exposure  or  the  current  body  burden  of  dioxin.  Produced  in  the  liver,  the  proteins  measured 
are  most  sensitive  to  hepatic  function  but  also  provide  a  reliable  assessment  of  nutritional 
status.  Selected  proteins  (a-l  acid  glycoprotein,  a-l  antitrypsin,  and  haptoglobin)  are 
nonspecifically  elevated  in  association  with  inflammation,  whereas  reductions  in  the  C3  and 
C4  complement  indices  are  associated  with  inunune  system  responses. 

Few  of  the  laboratory  analyses  revealed  any  significant  differences  between  Ranch 
Hand  and  Comparison  cohorts.  Ranch  Hands  had  a  slightly  higher  mean  alkaline 
phosphatase  than  Comparisons  but  the  difference  in  the  means  (70.73  U/L  vs.  68.55  U/L) 
cannot  be  considered  biologically  significant,  and  both  were  within  the  range  of  normal.  In 
the  clinically  more  relevant  analyses  in  discrete  form,  and  in  contrast  to  the  1985  and  1987 
examinations,  no  significant  group  differences  were  defined  in  the  current  assessment.  The 
TCDD-associated  elevations  in  C3  complement  seen  in  these  analyses  are  consistent  with 
elevations  in  C3  complement  seen  in  diabetics,  a  condition  also  associated  with  TCDD 
exposure  (see  Chapter  18). 

Several  of  the  analyses  yielded  results  that  have  been  documented  in  prior 
examinations.  In  continuous,  but  not  in  discrete  form,  two  of  the  four  liver  enzymes  studied, 
ALT  and  GOT,  revealed  highly  significant  positive  associations  with  current  serum  dioxin 
levels  in  statistical  models  using  current  TCDD  levels.  Similar  results  were  noted  with 
serum  triglycerides  and,  in  one  of  the  models,  serum  cholesterol  as  well.  The  negative 
association  of  HDL  cholesterol  with  current  serum  dioxin  contributed  to  the  highly  significant 
cholesterol/HDL  ratio  results.  Though  these  findings  are  similar  to  those  reported  in  the 
1992  serum  dioxin  analysis  and  consistent  with  a  dose-response  effect,  a  causal  relationship 
remains  to  be  established. 

Dependent  variable-covariate  associations  yielded  results  similar  to  those  documented 
dining  the  1987  examinations  and  well  established  in  clinical  practice.  Highly  significant 
(p<  0.001)  positive  correlations  were  noted  relating  lifetime  alcohol  consumption  and  a  host 
of  variables  including  the  incidence  over  time  of  chronic  liver  disease,  cirrhosis,  and 
hepatomegaly  and  in  the  laboratory,  elevations  in  HDL  cholesterol  and  the  hepatic  enzymes 
AST  and  GGT.  The  mean  creatine  kinase  level  in  Blacks  was  almost  twice  than  in  non- 
Blacks  (233.07  U/L  vs.  124.27  U/L),  a  finding  that  was  noted  in  1987  and  that  appears  to  be 
race-  and  gender-specific. 

Over  a  decade  of  observation,  the  longitudinal  analyses  yielded  significant  results  in 
several  of  the  laboratory  indices.  Though  no  significant  group  differences  were  defined,  a 
consistent,  gradual  reduction  in  serum  AST  occurred  in  Comparisons  and  Ranch  Hands 
across  all  occupational  and  exposure  categories.  In  the  analyses  of  ALT  in  discrete  form. 
Ranch  Hands  with  a  normal  result  in  1982  are  now  less  likely  than  Comparisons  to  have  an 
elevated  ALT  level  and  the  reduction  in  risk  was  most  apparent  in  the  enlisted  groundcrew 
stratum  (4.1%  vs.  7.3%).  Relative  to  Comparisons,  the  increase  in  mean  serum  triglyceride 
levels  over  time  was  most  pronounced  in  Ranch  Hands  in  the  highest  serum  dioxin  category 
(32.34  mg/dl  vs.  24.27  mg/dl).  Finally,  by  discrete  analyses.  Ranch  Hands  were  more  likely 
than  Comparisons  to  develop  higher  cholesterol  over  time  (9.5%  vs.  6.7%).  Although  these 
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results  are  consistent  with  a  subtle  effect  of  herbicide  exposure  on  lipid  metabolism,  the 
adjusted  relative  risk  was  more  pronounced  in  the  enlisted  flyer  category  than  in  the  more 
highly  exposed  enlisted  groundcrew  category. 

In  summary,  data  analyzed  in  the  current  section  confirm  observations  that  would  be 
anticipated  in  a  clinical  practice  and  reflect  no  apparent  increase  in  organ-specific  morbidity 
in  Ranch  Hands  relative  to  Comparisons.  Although  a  subclinical  dioxin  effect  on  lipid 
metabolism  cannot  be  excluded,  some  of  the  results  may  be  related  in  part  to  body  habitus 
and  percent  body  fat. 

SUMMARY 

Tables  13-75  through  13-78  summarize  the  results  of  the  group  contrast  analyses 
(Table  13-75),  the  initial  dioxin  analyses  (Table  13-76),  the  categorized  dioxin  analyses 
(Table  13-77)  and  the  current  dioxin  analyses  (Table  13-78).  Table  13-79  lists  the  numerous 
group-by  covariate  and  dioxin-by  covariate  interactions  that  were  encoimtered  in  the  adjusted 
analyses  of  the  variables. 

Analyses  of  data  collected  at  the  1987  followup  study  indicated  that  dioxin  was 
associated  with  military  occupation.  Adjustment  for  military  occupation  may  improperly 
mask  an  actual  dioxin  effect,  but  occupation  can  also  be  a  surrogate  for  important 
socioeconomic  effects.  If  occupation  was  found  to  be  significantly  associated  with  a 
dependent  variable  in  the  1992  followup  analyses  and  was  retained  in  the  final  statistical 
models  using  dioxin  as  an  estimate  of  exposure,  the  dioxin  effect  was  evaluated  in  the 
context  of  two  models.  Analyses  were  performed  both  with  and  without  occupation  in  the 
models  to  investigate  whether  conclusions  differ  regarding  the  association  between  the  health 
endpoint  and  dioxin.  Examination  of  these  contrasts  revealed  that  for  several  variables,  the 
serum  dioxin  analyses  showed  contradictory  results  depending  on  whether  or  not  the 
occupation  covariate  was  included  in  the  final  adjusted  model.  In  most  of  these  instances  the 
results  were  nonsignificant  when  occupation  was  included  in  the  final  adjusted  model,  and 
became  significant  after  excluding  occupation.  These  differences  most  probably  reflect  the 
confounding  effects  of  occupation,  which  was  highly  associated  both  with  serum  dioxin  levels 
and  many  of  the  dependent  variables. 

An  alternative  explanation  is  that  the  results  with  occupation  in  the  model  were  not 
significant  because  of  collinearity  between  serum  dioxin  levels  and  occupation.  Collinearity 
would  cause  the  standard  error  of  the  estimates  to  increase,  thus  leading  to  a  less  significant 
result.  However,  this  interpretation  is  less  likely,  because  examination  of  the  corresponding 
pairs  of  results  shows  that  significance  changes  were  primarily  associated  with  changes  in  the 
relative  risk  and  slope  estimates  (an  expected  effect  of  confounding),  and  only  minimally 
associated  with  increases  in  the  standard  error  of  the  estimates. 
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Table  13-75. 

Summary  of  Group  Analyses  (Model  1)  for  Gastrointestinal  Variables 
(Ranch  Hands  vs.  Comparisons) 


UNADJUSTED 

Variable 

Enlisted  Hyer 

Enlisted  Groundcrew 

Medical  Records 

Hepatitis  (Non-A,  Non-B, 

NS 

NS 

NS 

ns 

and  Non-C)  (D) 

Jaundice  (D) 

ns 

ns 

NS 

ns* 

Chronic  Liver  Disease  and  Cirrhosis 

NS 

NS 

ns 

ns 

(Alcohol-Related)  (D) 

Chronic  Liver  Disease  and  Cirrhosis 

NS 

NS 

NS 

NS 

(Nonalcohol-Related)  (D) 

Other  Liver  Disorders  (D) 

NS 

NS 

ns 

NS 

Hepatomegaly  (D) 

ns 

ns 

NS 

ns* 

Physical  Examination 

Current  Hepatomegaly  (D) 

ns 

ns 

~ 

ns 

Laboratory 

AST  (C) 

ns 

ns 

-0.022 

ns 

AST  (D) 

ns 

ns 

ns 

ns 

ALT  (C) 

-0.047 

ns 

-0.010 

ns 

ALT  (D) 

ns 

ns 

ns 

ns 

GOT  (C) 

NS 

NS 

ns 

NS 

GGT(D) 

NS 

NS 

ns 

NS 

Alkaline  Phosphatase  (C) 

+0.005 

NS 

ns 

+0.001 

Alkaline  Phosphatase  (D) 

+0.039 

NS 

ns 

+0.007 

Total  Bilirubin  (C) 

ns 

NS 

ns 

ns 

Total  Bilirubin  (D) 

NS 

NS 

ns 

NS 

Direct  Bilirubin  (D) 

ns 

NS 

ns 

-0.022 

LDH  (C) 

NS 

ns 

ns 

NS 

LDH  (D) 

NS 

ns 

ns 

NS 

Cholesterol  (C) 

NS 

NS 

ns 

NS  . 

Cholesterol  (D) 

NS 

NS 

NS 

NS 

HDL  Cholesterol  (C)® 

ns 

ns 

NS 

ns 

HDL  Cholesterol  (D) 

NS* 

NS* 

ns 

NS 

Cholesterol-HDL  Ratio  (C) 

NS 

NS 

ns 

NS 

Cholesterol-HDL  Ratio  (D) 

NS 

NS 

ns 

NS 

Triglycerides  (C) 

NS 

NS* 

ns* 

NS 

Triglycerides  (D) 

NS 

NS* 

NS 

ns 

Creatine  Kinase  (C) 

ns 

NS 

ns 

ns 

Creatine  Kinase  (D) 

NS 

NS 

ns 

NS 

Serum  Amylase  (C) 

ns 

ns 

NS 

NS 

Serum  Amylase  (D) 

ns 

ns 

NS 

NS 
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Table  13-75,  (Continued) 

Summary  of  Group  Analyses  (Model  1)  for  Gastrointestinal  Variables 
(Ranch  Hands  vs.  Comparisons) 


IlNABJUSTED 

Variable 

All 

OHicer 

Enli^ed  Flyer 

Enlisted  Groimdcrew 

Antibodies  for  Hepatitis  A  (D) 

ns 

NS 

NS 

ns 

Serological  Evidence  of  Prior 
Hepatitis  B  Infection  (D) 

-0.001 

-0.030 

ns* 

ns* 

Antibodies  for  Hepatitis  C  (D) 

ns* 

ns 

- 

ns 

Stool  Hemoccult  (D) 

NS 

NS 

- 

NS 

Prealbuinin  (C)® 

ns 

NS 

ns 

ns 

Prealbumin  (D) 

NS 

ns 

NS 

NS 

Albumin  (C)® 

ns 

ns 

ns 

ns 

Albumin  (D) 

NS 

NS 

ns 

NS 

a~l  Acid  Glycoprotein  (C) 

NS 

ns 

NS 

NS 

a-l  Acid  Glycoprotein  (D) 

ns 

ns 

NS 

ns 

a^l  Antitrypsin  (C) 

NS* 

NS 

NS 

NS 

a-l  Antitrypsin  (D):  Low  vs. 
Normal 

NS 

NS 

NS 

NS 

a-l  Antitrypsin  (C):  High  vs. 
Normal 

NS 

NS 

NS 

NS 

a-2  Macroglobulin  (C) 

ns 

ns 

ns 

NS 

a-2  Macroglobulin  (D) 

ns 

- 

ns 

NS 

Apolipoprotein  B  (C) 

ns 

ns 

ns 

NS 

Apolipoprotein  B  (D) 

NS 

NS 

ns 

NS 

C3  Complement  (C)^ 

ns 

NS 

ns 

ns 

C3  Complement  (D) 

NS 

ns 

ns 

NS 

C4  Complement  (C)^ 

ns 

ns 

NS 

ns 

C4  Complement  (D) 

ns 

NS 

ns 

NS 

Haptoglobin  (C) 

-1-0.004 

NS 

NS 

-1-0.015 

Haptoglobin  (D) 

NS 

NS 

NS 

NS 

Transferrin  (C)^ 

-1-0.042 

NS 

ns 

-1-0.016 

Transferrin  (D) 

ns 

ns 

NS 

ns 

^  Negative  difference  considered  adverse  for  this  variable. 

C:  Continuous  analysis. 

D:  Discrete  analysis. 

+  :  Relative  risk  >1.00  for  discrete  analysis  or  difference  of  means  nonnegative  for  continuous  analysis. 
Relative  risk  <  1.00  for  discrete  analysis  or  difference  of  means  negative  for  continuous  analysis. 
Analyses  not  performed  due  to  sparse  number  of  abnormalities. 

NS  or  ns:  Not  significant  (p >0.10). 

NS*  or  ns*:  Marginally  significant  (0.05  <p <0.10). 

Note:  P-value  given  if  p  <  0.05. 

A  capital  “NS”  denotes  a  relative  risk  1.00  or  greater  for  discrete  analysis  or  difference  of  means 
nonnegative  for  continuous  analysis;  a  lower  case  “ns”  denotes  relative  risk  less  than  1.00  for  discrete 
analysis  or  difference  of  means  negative  for  continuous  analysis. 
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Table  13-75.  (Continued) 

Summary  of  Group  Analyses  (Model  1)  for  Gastrointestinal  Variables 
(Ranch  Hands  vs.  Comparisons) 


ADJUSTED 


Variable 

All 

Officer 

Enlisted  flyer 

fhilisted  Groundcrew 

Medical  Records 

Hepatitis  (Non-A,  Non-B, 
and  Non-C)  (D) 

NS 

NS 

NS 

ns 

Jaundice  (D) 

**(ns*) 

**(ns) 

**(NS) 

**(ns*) 

Chronic  Liver  Disease  and  Cirrhosis 
(Alcohol-Related)  (D) 

ns 

NS 

ns 

ns 

Chronic  Liver  Disease  and  Cirrhosis 
(Nonalcohol-Related)  (D) 

NS 

NS 

NS 

NS 

Other  Liver  Disorders  (D) 

NS 

NS 

ns 

NS 

Hepatomegaly  (D) 

Physical  Examination 

**(ns*) 

**(ns) 

**(NS) 

**(-0.031) 

Current  Hepatomegaly  (D) 

Laboratory 

ns 

ns 

ns 

AST  (C) 

ns 

ns 

ns* 

ns 

AST  (D) 

**(ns) 

**(ns) 

**(ns) 

**(ns) 

ALT  (C) 

ns* 

ns 

-0.026 

ns 

ALT  (D) 

**(ns) 

**(NS) 

**(ns) 

**(ns*) 

GOT  (C) 

NS 

NS 

ns 

NS 

GGT  (D) 

NS 

NS 

ns 

NS 

Alkaline  Phosphatase  (C) 

**(-f 0.005) 

**(NS) 

**(ns) 

**(+0.001) 

Alkaline  Phosphatase  (D) 

NS* 

NS 

ns 

+0.011 

Total  Bilirubin  (C) 

ns 

NS 

ns 

ns 

Total  Bilirubin  (D) 

NS 

NS 

ns 

NS 

Direct  Bilirubin  (D) 

ns 

NS 

ns 

-0.026 

LDH  (C) 

**(NS) 

**(ns) 

**(ns) 

**(NS*) 

LDH  (D)‘ 

**(NS) 

**(NS) 

**(NS) 

**(NS) 

Cholesterol  (C) 

**(NS) 

**(NS) 

**(ns) 

**(NS) 

Cholesterol  (D) 

**(NS) 

**(NS) 

**(NS) 

**(NS) 

HDL  Cholesterol  (C)^ 

**(ns) 

**(ns) 

**(NS) 

**(ns) 

HDL  Cholesterol  (D) 

-h0.048 

-1-0.048 

ns 

NS 

Cholesterol-HDL  Ratio  (C) 

NS 

NS 

ns 

NS 

Cholesterol-HDL  Ratio  (D) 

NS 

NS 

ns 

NS 

Triglycerides  (C) 

**(NS) 

**(+0.039) 

**(ns*) 

**(NS) 

Triglycerides  (D) 

NS 

+0.050 

NS 

ns 

Creatine  Kinase  (C) 

**(iis) 

**(NS) 

**(ns) 

**(ns) 

Creatine  Kinase  (D) 

**(NS) 

**(NS) 

**(ns) 

**(ns) 

Serum  Amylase  (C) 

ns 

ns* 

NS 

NS 

Serum  Amylase  (D) 

ns 

ns 

NS 

NS 

Antibodies  for  Hepatitis  A  (D) 

ns 

NS 

NS 

ns 

Serological  Evidence  of  Prior 

Hepatitis  B  Infection  (D) 

-<0.001 

-0.030 

ns* 

ns* 
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Table  13-75.  (Continued) 

Summary  of  Group  Analyses  (Model  1)  for  Gastrointestinal  Variables 
(Ranch  Hands  vs.  Comparisons) 


AJXrUSTEI) 

-V  -':-- All 

Officer 

Enlists  Hyer 

Eiilisted  Groimdcrew 

Antibodies  for  Hepatitis  C  (D) 

**(-0.048) 

**(ns) 

- 

**(ns) 

Stool  Hemoccult  (D) 

**(NS) 

**(NS) 

” 

**(NS) 

Prealbumin  (C)^ 

**(NS) 

**(NS) 

**(NS) 

**(ns) 

Prealbumin  (D)® 

ns 

ns 

NS 

NS 

Albumin  (C) 

**(ns) 

**(ns) 

**(ns) 

**(ns) 

Albumin  (D) 

**(NS) 

**(NS) 

**(ns) 

**(NS) 

a-l  Acid  Glycoprotein  (C) 

NS 

ns 

NS 

NS 

a-l  Acid  Glycoprotein  (D) 

**(ns) 

**(ns) 

**(NS) 

**(ns) 

a-1  Antitrypsin  (C) 

NS* 

NS 

NS 

NS 

a-1  Antitrypsin  (D):  Low  vs. 
Normal 

NS 

NS 

NS 

NS 

a-l  Antitrypsin  (C);  High  vs. 
Normal 

NS 

NS 

NS 

ns 

a-l  Macroglobulin  (C) 

ns 

ns 

ns 

NS 

a-2  Macroglobulin  (D) 

ns 

- 

ns 

NS 

Apolipoprotein  B  (C) 

ns 

ns 

ns 

NS 

Apolipoprotein  B  (D) 

NS 

NS 

ns 

NS 

C3  Complement  (C)^ 

ns 

NS 

ns 

ns 

C3  Complement  (D) 

**(NS) 

**(ns) 

**(ns) 

**(NS) 

C4  Complement  (C)* 

ns 

ns 

NS 

ns 

C4  Complement  (D) 

ns 

NS 

ns 

NS 

Haptoglobin  (C) 

+0.016 

NS 

NS 

+0.034 

Haptoglobin  (D) 

NS 

NS 

NS 

NS 

Transferrin  (C)® 

+0.040 

NS 

ns 

+0.031 

Transferrin  (D) 

**(ns) 

**(ns) 

**(NS) 

**(ns) 

®  Negative  difference  considered  adverse  for  this  variable. 

C:  Continuous  analysis. 

D:  Discrete  analysis, 

+:  Relative  risk  >  LOO  for  discrete  analysis  or  difference  of  means  nonnegative  for  continuous  analysis. 
Relative  risk  <1.00  for  discrete  analysis  or  difference  of  means  negative  for  continuous  analysis. 

Analysis  not  performed  due  to  sparse  number  of  abnormalities. 

NS  or  ns:  Not  significant  (p  >  0.10). 

NS*  or  ns*:  Marginally  significant  (0.05  <p<0.10). 

**(NS)  or  **(ns):  Group-by>covariate  interaction  (p  <  0.05);  not  significant  when  interaction  is  deleted;  refer 
to  Appendix  1-2  for  a  detailed  description  of  this  interaction. 

**(NS*)  or  **(ns*):  Group-by-covariate  interaction  (p<0.05);  marginally  significant  when  interaction  is 
deleted;  refer  to  Appendix  1-2  for  a  detailed  description  of  this  interaction. 

**(...):  Group-by-covariate  interaction  (p<0.05);  significant  when  interaction  is  deleted  and  p-value  is  given  in 
parentheses;  refer  to  Appendix  1-2  for  a  detailed  description  of  this  interaction. 

Note:  A  capital  “NS”  denotes  a  relative  risk  1.00  or  greater  for  discrete  analysis  or  difference  of  means 

nonnegative  for  continuous  analysis;  a  lower  case  “ns”  denotes  relative  risk  less  than  1.00  for  discrete 
analysis  or  difference  of  means  negative  for  continuous  analysis. 
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Table  13-76. 

Summary  of  Initial  Dioxin  Analyses  (Model  2)  for  Gastrointestinal  Variables 

(Ranch  Hands  Only) 


Variable  _  _ _ Unadjusted  _ Adjusted 


Medical  Records 

Hepatitis  (Non-A,  Non-B,  and  Non-C)  (D) 
Jaundice  (D) 

Ghronic  Liver  Disease  and  Cirrhosis 
(Alcohol-Related)  (D) 

Chronic  Liver  Disease  and  Cirrhosis 
(Nonalcohol-Related)  (D) 

Other  Liver  Disorders  (D) 

Hepatomegaly  (D) 

Physical  Examination 
Current  Hepatomegaly  (D) 

Laboratory 
AST  (C) 

AST  (D) 

ALT  (C) 

ALT  (D) 

GOT  (C) 

GGT  (D) 

Alkaline  Phosphatase  (C) 

Alkaline  Phosphatase  (D) 

Total  Bilirubin  (C) 

Total  Bilirubin  (D) 

Direct  Bilirubin  (D) 

LDH  (C) 

LDH  (D) 

Cholesterol  (C) 

Cholesterol  (D) 

HDL  Cholesterol  (C)* 

HDL  Cholesterol  (D) 

Cholesterol-HDL  Ratio  (C) 
Cholesterol-HDL  Ratio  (D) 

Triglycerides  (C) 

Triglycerides  (D) 

Creatine  Kinase  (C) 

Creatine  Kinase  (D) 

Serum  Amylase  (C) 

Serum  Amylase  (D) 

Antibodies  for  Hepatitis  A  (D) _ 


NS 

NS 

NS 

NS 

NS 

**(NS) 

ns 

ns 

NS 

**(+0.046) 

NS 

NS 

ns 

ns 

NS 

**(NS) 

NS 

**(ns) 

NS 

NS 

NS 

NS 

NS 

**(NS) 

NS 

NS 

NS 

**(ns) 

NS 

**(ns) 

ns 

NS 

ns 

**(ns) 

ns 

ns 

NS 

ns 

NS 

NS 

NS 

**(NS*) 

NS 

**(NS) 

-0.035 

ns 

NS 

NS 

+0.012 

**(NS) 

NS* 

NS 

NS* 

**(NS*) 

NS 

NS 

NS 

NS 

NS 

NS 

-0.014 

-0.027 

ns 

**(ns) 

ns 

NS 

13-362 


Table  13-76.  (Continued) 

Sununary  of  Initial  Dioxin  Analyses  (Model  2)  for  Gastrointestinal  Variables 

(Ranch  Hands  Only) 


•■Variable  ■V;:-:: 

:-:'::-rAcyusted 

Serological  Evidence  of  Prior  Hepatitis  B  Infection  (D) 

NS* 

NS 

Antibodies  for  Hepatitis  C  (D) 

ns 

ns 

Stool  Hemoccult  (D) 

ns 

ns 

Prealbumin  (C)® 

ns 

**(ns) 

Prealbumin  (D) 

NS 

NS 

Albumin  (C)* 

NS 

**(NS) 

Albumin  (D) 

NS 

NS 

a-1  Acid  Glycoprotein  (C) 

NS 

**(ns*) 

a-1  Acid  Glycoprotein  (D) 

NS 

**(NS) 

a-l  Antitrypsin  (C) 

NS 

**(NS) 

a-1  Antitrypsin  (D):  Low  vs.  Normal 

ns 

ns 

a-l  Antitrypsin  (D):  High  vs.  Normal 

ns 

ns 

a-2  Macroglobulin  (C) 

ns 

**(NS) 

a-2  Macroglobulin  (D) 

NS 

NS 

Apolipoprotein  B  (C) 

NS 

**(-1-0.018) 

Apolipoprotein  B  (D) 

NS 

**(NS) 

C3  Complement  (C)® 

-1-0.041 

-b0.031 

C3  Complement  (D) 

ns 

ns 

C4  Complement  (C)® 

NS 

**(NS) 

C4  Complement  (D) 

,NS 

NS 

Haptoglobin  (C) 

NS 

**(ns) 

Haptoglobin  (D) 

NS 

**(NS) 

Transferrin  (C)® 

NS 

**(NS) 

Transferrin  (D) 

ns 

ns 

^  Negative  slope  considered  adverse  for  this  variable. 

C:  Continuous  analysis. 

D:  Discrete  analysis. 

+;  Relative  risk  ^  1.00  for  discrete  analysis  or  slope  nonnegative  for  continuous  analysis. 

Relative  risk  <1.00  for  discrete  analysis  or  slope  negative  for  continuous  analysis. 

NS  or  ns:  Not  significant  (p>0. 10). 

NS*:  Marginally  significant  (0.05  <p  <0. 10). 

**(NS)  or  **(ns):  Logj  (initial  dioxin)-by-covariate  interaction  (p<0.05);  not  significant  when  interaction  is 
deleted;  refer  to  Appendix  1-2  for  a  detailed  description  of  this  interaction. 

**(NS*)  or  **(ns*):  Logj  (initial  dioxin)-by-covariate  interaction  (p^O.05);  marginally  significant  when 

interaction  is  deleted;  refer  to  Appendix  1-2  for  a  detailed  description  of  this  interaction. 
**(...):  Logz  (initial  dioxin)-by-covariate  interaction  ^<0.05);  significant  when  interaction  is  deleted  and  p- 
value  is  given  in  parentheses;  refer  to  Appendix  1-2  for  a  detailed  description  of  this  interaction. 

Note:  P-value  given  if  p  ^  0.05. 

A  capital  “NS”  denotes  a  relative  risk  1.00  or  greater  for  discrete  analysis  or  slope  nonnegative  for 
continuous  analysis;  a  lower  case  “ns”  denotes  relative  risk  less  than  1.00  for  discrete  analysis  or  slope 
negative  for  continuous  analysis. 
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Table  13-77. 

Summary  of  Categorized  Dioxin  Analyses  (Model  3)  for  Gastrointestinal  Variables 

(Ranch  Hands  vs.  Comparisons) 


IJNADJUSTED 

'Variable/;'- 

Background  Ranch 
Hands  vs. 
Comparisons 

Hands  vs. 
Comipaiisons 

High  Ranch 
Ifands  vs. 
Comparisons 

Low  plus  High 
Ranch  Hands  vs. 
Comparisons 

Medical  Records 

Hepatitis  (Non-A,  Non-B,  or 

ns 

NS 

ns 

ns 

Non-C)  (D) 

Jaundice  (D) 

NS 

ns* 

ns* 

-0.008 

Chronic  Liver  Disease  and 

ns 

ns 

ns 

ns 

Cirrhosis  (Alcohol-Related) 

(D) 

Chronic  Liver  Disease  and 

NS 

NS 

ns 

NS 

Cirrhosis  (Nonalcohol- 
Related)  (D) 

Other  Liver  Disorders  (D) 

ns 

NS 

NS* 

NS 

Hepatomegaly  (D) 

ns 

ns* 

ns 

ns 

Physical  Examination 

Current  Hepatomegaly  (D) 

ns 

ns 

NS 

ns 

Laboratory 

AST  (C) 

ns 

ns 

ns 

ns 

AST  (D) 

ns 

NS 

ns 

ns 

ALT  (C) 

-0.011 

ns 

NS 

ns 

ALT  (D) 

ns 

ns 

ns 

ns 

GOT  (C) 

ns 

NS* 

NS* 

+0.020 

GGT  (D) 

ns 

NS 

NS 

NS 

Alkaline  Phosphatase  (C) 

NS 

-b0.002 

-b0.020 

+0.001 

Alkaline  Phosphatase  (D) 

NS* 

NS* 

NS 

NS* 

Total  Bilirubin  (C) 

NS 

ns 

-0.033 

ns* 

Total  Bilirubin  (D) 

NS 

ns 

ns 

ns 

Direct  Bilirubin  (D) 

ns 

ns 

ns* 

ns* 

LDH  (C) 

ns 

NS 

ns 

ns 

LDH  (D) 

NS 

ns 

ns 

ns 

Cholesterol  (C) 

ns 

NS 

NS 

NS 

Cholesterol  (D) 

NS 

NS 

NS 

NS* 

HDL  Cholesterol  (C)* 

NS 

NS 

-0.017 

ns 

HDL  Cholesterol  (D) 

NS* 

ns 

NS 

NS 

Cholesterol-HDL  Ratio  (C) 

ns 

ns 

+0.004 

NS* 

Cholesterol-HDL  Ratio  (D) 

ns 

NS 

+0.009 

NS* 

Triglycerides  (C) 

ns 

NS 

+0.008 

NS* 

Triglycerides  (D) 

NS 

NS 

NS* 

NS 

Creatine  Kinase  (C) 

ns 

ns 

NS 

NS 

Creatine  Kinase  (D) 

NS 

ns 

NS 

NS 

Serum  Amylase  (C) 

ns 

NS* 

ns 

NS 

Serum  Amylase  (D) 

ns 

ns 

ns 

ns 
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Table  13-77.  (Continued) 

Summary  of  Categorized  Dioxin  Analyses  (Model  3)  for  Gastrointestinal  Variables 

(Ranch  Hands  vs.  Comparisons) 


XINADJUSTED 

Variable 

Background  Ranch 
Hands  vs. 
Comparisons 

Low  Ranch 
Hands  vs. 
Comparisons 

High  Ranch 
Hands  vs. 
Comparisons 

Low  plus  High 
Ranch  E^ds  vs. 
Comparisons 

Antibodies  for  Hepatitis  A  (D) 

ns 

NS 

NS 

NS 

Serological  Evidence  of  Prior 
Hepatitis  B  Infection  (D) 

-0.013 

-0.030 

ns 

-0.033 

Antibodies  for  Hepatitis  C  (D) 

ns 

ns 

ns 

ns* 

Stool  Hemoccult  (D) 

ns 

+0.031 

ns 

NS 

Prealbumin  (C)“ 

ns 

ns 

NS 

NS 

Prealbutnin  (D) 

NS 

ns 

ns 

ns 

Albumin  (C)^ 

ns 

ns 

NS 

NS 

Albumin  (D) 

NS 

NS 

ns 

ns 

or-l  Acid  Glycoprotein  (C) 

ns* 

NS 

NS 

NS 

a-l  Acid  Glycoprotein  (D) 

ns 

ns 

ns 

ns 

a-l  Antitrypsin  (C) 

NS 

NS 

NS 

NS 

a-l  Antitrypsin  (D):  Low  vs. 
Normal 

NS 

ns 

ns 

ns 

a-l  Antitrypsin  (D):  High  vs. 
Normal  ‘ 

NS 

NS 

ns 

ns 

a-2  Macroglobulin  (C) 

ns 

ns 

ns 

ns 

a-2  Macroglobulin  (D) 

ns 

- 

NS 

ns 

Apolipoprotein  B  (C) 

ns 

ns 

NS 

NS 

Apolipoprotein  B  (D) 

ns 

NS 

NS* 

NS 

C3  Complement  (C)^ 

-0.004 

NS 

NS* 

NS* 

C3  Complement  (D) 

NS 

ns 

ns 

ns 

C4  Complement  (C)^ 

ns 

NS 

ns 

NS 

C4  Complement  (D) 

NS 

ns 

ns 

ns 

Haptoglobin  (C) 

NS 

NS 

-1-0.003 

-i-0.007 

Haptoglobin  (D) 

NS 

NS 

NS* 

NS 

Transferrin  (C)^ 

ns 

-1-0.044 

-1-0.001 

-1-0.001 

Transferrin  (D) 

ns 

ns* 

-0.015 

-0.005 

“Negative  difference  considered  adverse  for  this  variable. 

C:  Continuous  analysis. 

D:  Discrete  analysis. 

+;  Relative  risk  >1.00  for  discrete  analysis  or  difference  of  means  nonnegative  for  continuous  analysis. 
Relative  risk  <1.00  for  discrete  analysis  or  difference  of  means  negative  for  continuous  analysis. 
Analysis  not  performed  due  to  sparse  number  of  abnormalities. 

NS  or  ns:  Not  significant  (p >0. 10). 

NS*  or  ns*:  Marginally  significant  (0.05  <p  <  0.10). 

Note:  P-value  given  if  p  <  0.05. 

A  capital  “NS”  denotes  a  relative  risk  1.00  or  greater  for  discrete  analysis  or  difference  of  means 
nonnegative  for  continuous  analysis;  a  lower  case  “ns”  denotes  relative  risk  less  than  1.00  for  discrete 
analysis  or  difference  of  means  negative  for  continuous  analysis. 
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Table  13-77.  (Continued) 

Summary  of  Categorized  Dioxin  Analyses  (Model  3)  for  Gastrointestinal  Variables 

(Ranch  Hands  vs.  Comparisons) 


ADJUSTED 

Variable 

Background  Ranch 
Hands  vs. 
Comparisons 

Ljw  Ranch 
Hands  vs. 
Cpinparisohs 

:  :  High  Ranch 
Hands  vs. 
Comparisons 

Low;plnslRgh 
iRahcii  Hands  vs. 

:  Comparisons 

Medical  Records 

Hepatitis  (Non-A,  Non-B, 

NS 

NS 

ns 

ns 

Non-C)  (D) 

Jaundice  (D) 

NS 

-0.046 

ns 

-0.011 

Chronic  Liver  Disease  and 

**(ns) 

**(ns) 

**(ns) 

**(ns) 

Cirrhosis  (Alcohol-Related) 
(D) 

Chronic  Liver  Disease  and 

NS 

NS 

ns 

ns 

Cirrhosis  (Nonalcohol- 
Related)  (D) 

Other  Liver  Disorders  (D) 

**(ns) 

**(NS) 

**(+0.048) 

**(NS) 

Hepatomegaly  (D) 

ns 

ns* 

NS 

ns 

Physical  Examination 
Current  Hepatomegaly  (D) 

ns 

ns 

NS 

ns 

Laboratory 

AST  (C) 

ns 

ns 

ns 

ns 

AST  (D) 

**(ns) 

**(NS) 

**(ns) 

**(ns) 

ALT  (C) 

ns* 

ns 

ns 

ns 

ALT  (D) 

**(ns) 

**(ns) 

**(ns) 

**(ns) 

GGT  (C) 

**(ns) 

**(NS*) 

**(+0.031) 

**(+0.011) 

GGT  (D) 

**(ns) 

**(NS) 

**(NS) 

**(NS*) 

Alkaline  Phosphatase  (C) 

**(+0.043) 

**(+0.006) 

**(NS) 

**(+0.011) 

Alkaline  Phosphatase  (D) 

+0.030 

NS* 

NS 

NS 

Total  Bilirubin  (C) 

NS 

ns 

ns 

ns 

Total  Bilirubin  (D) 

NS 

ns 

ns 

ns 

Direct  Bilirubin  (D) 

ns 

ns 

ns 

ns 

LDH  (C) 

**(NS) 

**(ns) 

**(ns) 

**(ns) 

LDH  (D) 

**(NS) 

**(ns) 

**(NS) 

**(ns) 

Cholesterol  (C) 

**(NS) 

**(ns) 

**(NS) 

**(NS) 

Cholesterol  (D) 

**(NS) 

**(NS) 

**(NS) 

**(NS) 

HDL  Cholesterol  (C)^ 

**(NS) 

**(NS) 

**(ns) 

**(ns) 

HDL  Cholesterol  (D) 

**(NS) 

**(NS) 

**(NS) 

**(NS) 

13-366 


Table  13-77.  (Continued) 

Sununary  of  Categorized  Dioxin  Analyses  (Model  3)  for  Gastrointestinal  Variables 

(Ranch  Hands  vs.  Comparisons) 


ADJUSTED 

Variable  ; 

Background  Ranch 
Hands  vs. 
Comparisons 

Low  Ranch 
Hands  vs. 
Comparisons 

High  Ranch 
Hands  vs. 
Comparisons 

Low  plus  High 
Randi  Hands  vs. 
Comparisons 

Cholesterol-HDL  Ratio  (C) 

**(ns) 

**(ns) 

**(NS) 

**(NS) 

Cholesterol-HDL  Ratio  (D) 

NS 

NS 

NS 

NS 

Triglycerides  (C) 

ns 

NS 

+0.031 

NS 

Triglycerides  (D) 

ns 

NS 

+0.036 

NS 

Creatine  Kinase  (C) 

**(ns) 

**(ns) 

**(NS) 

**(ns) 

Creatine  Kinase  (D) 

**(NS) 

**(ns) 

**(NS) 

**(NS) 

Serum  Amylase  (C) 

ns 

NS 

ns 

NS 

Serum  Amylase  (D) 

**(ns) 

**(ns) 

**(ns) 

**(ns) 

Antibodies  for  Hepatitis  A  (D) 

NS 

ns 

ns 

ns 

Serological  Evidence  of  Prior 
Hepatitis  B  Infection  (D) 

**(ns) 

**(-0.020) 

**(-0.041) 

**(-0.004) 

Antibodies  for  Hepatitis  C  (D) 

ns 

ns 

ns 

-0.048 

Stool  Hemoccult  (D) 

ns 

+0.037 

NS 

NS 

Prealbumin  (C)® 

**(ns) 

**(NS) 

**(NS) 

**(NS) 

Prealbumin  (D) 

NS 

ns 

ns 

ns 

Albumin  (C)^ 

**(ns) 

**(ns) 

**(NS) 

**(NS) 

Albumin  (D) 

NS 

NS 

ns 

ns 

a-1  Acid  Glycoprotein  (C) 

**(ns) 

**(NS) 

**(NS) 

**(NS) 

a-1  Acid  Glycoprotein  (D) 

**(ns) 

**(ns) 

**(NS) 

**(ns) 

a-1  Antitrypsin  (C) 

+0.010 

NS 

ns 

NS 

a-1  Antitrypsin  (D):  Low  vs. 
Normal 

NS 

ns 

NS 

NS 

a-1  Antitrypsin  (D):  High  vs. 
Normal 

NS 

NS 

ns 

ns 

a-2  Macroglobulin  (C) 

NS 

ns 

ns 

ns* 

a-2  Macroglobulin  (D) 

ns 

- 

NS 

ns 

Apolipoprotein  B  (C) 

ns 

ns 

NS 

NS 

Apolipoprotein  B  (D) 

NS 

ns 

NS 

NS 

C3  Complement  (C)^ 

-0.043 

NS 

NS 

NS 

C3  Complement  (D) 

**(NS) 

**(ns) 

**(ns) 

**(ns) 

C4  Complement  (C)^ 

ns 

NS 

ns 

ns 

C4  Complement  (D) 

ns 

ns 

ns 

ns 
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Table  13-77.  (Continued) 

Sununary  of  Categorized  Dioxin  Analyses  (Model  3)  for  Gastrointestinal  Variables 

(Ranch  Hands  vs.  Comparisons) 


A^riible 

ADJUSTED 

Background  Ranch 
Hands  vs. 
Comparisons 

lyow  Ranch 
Hands  vs. 
Comparisons 

High  Ranch 
Hands  vs. 
Comparisons 

Low  plus  High 
Ranch  Hands  vs. 
Comparisons 

Haptoglobin  (C) 

NS* 

NS 

NS* 

NS 

Haptoglobin  (D) 

NS 

ns 

NS 

NS 

Transferrin  (C)® 

NS 

+0.035 

+0.003 

+0.001 

Transferrin  (D) 

**(ns) 

**(ns*) 

**(-0.042) 

**(-0.009) 

^  Negative  difference  considered  adverse  for  this  variable. 

C:  Continuous  analysis. 

D:  Discrete  analysis. 

H-:  Relative  risk  >  1.00  for  discrete  analysis  or  difference  of  means  nonnegative  for  continuous  analysis. 
Relative  risk  <  1.00  for  discrete  analysis  or  difference  of  means  negative  for  continuous  analysis. 
Analysis  not  performed  due  to  sparse  number  of  abnormalities. 

NS  or  ns:  Not  significant  (p>0.10). 

NS*  or  ns*:  Marginally  significant  (0.05  <p <0.10). 

**(NS)  or  **(ns):  Categorized  dioxin>by-covariate  interaction  (p<0.05);  not  significant  when  interaction  is 
deleted;  refer  to  Appendix  1-2  for  a  detailed  description  of  this  interaction. 

**(NS*)  or  **(ns*):  Categorized  dioxin-by-covariate  interaction  (p<0.05);  marginally  significant  when 

interaction  is  deleted;  refer  to  Appendix  1-2  for  a  detailed  description  of  this  interaction. 
**(...):  Categorized  dioxin-by-covariate  interaction  (p<0.05);  significant  when  interaction  is  deleted  and  p- 
value  is  given  in  parentheses;  refer  to  Appendix  1-2  for  a  detailed  description  of  this  interaction. 

Note:  P-value  given  if  p<0.05. 

A  capital  “NS”  denotes  a  relative  risk  1.00  or  greater  for  discrete  analysis  or  difference  of  means 
nonnegative  for  continuous  analysis;  a  lower  case  “ns”  denotes  relative  risk  less  than  1.00  for  discrete 
analysis  or  difference  of  means  negative  for  continuous  analysis. 
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Table  13-78. 

Summary  of  Current  Dioxin  Analyses  (Models  4,  5,  and  6)  for 
Gastrointestinal  Variables 
(Ranch  Hands  Only) 


UNADJUSTED 

Variable 

Model  4: 
Lipid-Adjusted 
Current  JMoxin 

Model  5i ' 
Whole-Wdght 
Current  Dioxin 

Model  6: 

Whole-Weight  Current 
Dioxin  Adjusted  for  Total 
Lipids 

Medical  Records 

Hepatitis  (Non-A,  Non-B,  or 

NS 

ns 

NS 

Non-C)  (D) 

Jaundice  (D) 

-<0.001 

-<0.001 

-<0.001 

Chronic  Liver  Disease  and  Cirrhosis 

NS 

NS 

NS 

(Alcohol-Related)  (D) 

Chronic  Liver  Disease  and  Cirrhosis 

NS 

NS 

NS 

(Nonalcohol-Related)  (D) 

Other  Liver  Disorders  (D) 

-i-0.007 

-1-0.003 

+0.033 

Hepatomegaly  (D) 

NS 

ns 

ns 

Physical  Examination 

Current  Hepatomegaly  (D) 

NS 

NS 

NS 

Laboratory 

AST  (C) 

NS 

NS* 

NS 

AST  (D) 

NS 

NS 

NS 

ALT(C) 

-1-  <0.001 

+  <0.001 

+  <0.001 

ALT  (D) 

-f  0.031 

+0.017 

NS* 

GOT  (C) 

-1- <0.001 

+  <0.001 

+0.002 

GGT  (D) 

-fO.033 

+0.009 

NS 

Alkaline  Phosphatase  (C) 

NS 

NS 

NS 

Alkaline  Phosphatase  (D) 

NS 

NS 

ns 

Total  Bilirubin  (C) 

ns 

ns 

ns 

Total  Bilirubin  (D) 

ns 

ns 

ns 

Direct  Bilirubin  (D) 

ns 

■  NS 

ns* 

LDH  (C) 

NS 

NS 

NS 

LDH  (D) 

NS 

NS 

NS 

Cholesterol  (C) 

NS 

+  <0.001 

ns* 

Cholesterol  (D) 

NS 

+0.003 

ns 

HDL  Cholesterol  (C)® 

-<0.001 

-<0.001 

-0.001 

HDL  Cholesterol  (D) 

NS 

NS 

ns 

Cholesterol-HDL  Ratio  (C) 

-KO.OOl 

+  <0.001 

+0.035 

Cholesterol-HDL  Ratio  (D) 

-1- <0.001 

+  <0.001 

NS 

Triglycerides  (C) 

-KO.OOl 

+  <0.001 

+0.041 

Triglycerides  (D) 

-1-0.013 

+  <0.001 

NS 

Creatine  Kinase  (C) 

-1-0.017 

+0.011 

+0.027 

Creatine  Kinase  (D) 

NS 

NS 

NS 

Serum  Amylase  (C) 

-0.037 

-0.019 

ns 

Serum  Amylase  (D) 

ns 

ns 

ns 

Antibodies  for  Hepatitis  A  (D) 

NS 

NS 

NS 
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Table  13-78.  (Continued) 

Siunmary  of  Current  Dioxin  Analyses  (Models  4,  5,  and  6)  for 
Gastrointestinal  Variables 
(Ranch  Hands  Only) 


UNADJUSTED 

Variable 

Model  4: 
Lipid-Adjusted  ' 
Current  INoxin 

Modd  5: 
Whole-Weight 
Current  Dioxin 

Model  6: 

Whole-Weight  Current 
Dioxin  Adjusted  for  Total 
Lipids 

Serological  Evidence  of  Prior 

Hepatitis  B  Infection  (D) 

NS* 

NS 

NS 

Antibodies  for  Hepatitis  C  (D) 

ns 

ns 

ns 

Stool  Hemoccult  (D) 

NS 

NS 

NS 

Prealbumin  (C)“ 

ns 

NS 

ns 

Prealbumin  (D) 

ns 

ns 

ns 

Albumin  (C)“ 

NS 

NS 

NS 

Albumin  (D) 

NS 

NS 

NS 

a-l  Acid  Glycoprotein  (C) 

NS* 

+0.015 

NS 

Qt-l  Acid  Glycoprotein  (D) 

NS 

NS 

NS 

a-1  Antitrypsin  (C) 

ns 

ns 

ns 

a-1  Antitrypsin  (D)  Low  vs.  Normal 

ns 

ns 

ns 

a-1  Antitrypsin  (D)  High  vs.  Low 

ns* 

ns* 

ns 

a-2  Macroglobulin  (C) 

-0.029 

-0.046 

-0.018 

a-2  Macroglobulin  (D) 

NS 

NS 

NS 

Apolipoprotein  B  (C) 

+0.016 

+  <0.001 

ns 

Apolipoprotein  B  (D) 

NS* 

+0.001 

ns 

C3  Complement  (C)“ 

+  <0.001 

+  <0.001 

+  <0.001 

C3  Complement  (D) 

-0.014 

-0.003 

ns 

C4  Complement  (C)“ 

NS* 

+0.004 

NS 

C4  Complement  (D) 

ns 

ns 

ns 

Haptoglobin  (C) 

NS 

NS 

NS 

Haptoglobin  (D) 

ns 

NS 

ns 

Transferrin  (C)“ 

+0.001 

+  <0.001 

+0.009 

Transferrin  (D) 

-0.049 

ns* 

-0.048 

“Negative  slope  considered  adverse  for  this  variable. 

C:  Continuous  analysis. 

D;  Discrete  analysis. 

+:  Relative  risk  >1.00  for  discrete  analysis  or  slope  nonnegative  for  continuous  analysis. 

Relative  risk  <  1.00  for  discrete  analysis  or  slope  negative  for  continuous  analysis. 

NS  or  ns:  Not  significant  (p>0.10). 

NS*  or  ns*:  Marginally  significant  (0.05 <p ^0.10). 

Note:  P-value  given  if  p< 0.05. 

A  capital  “NS”  denotes  a  relative  risk  of  1.00  or  greater  for  discrete  analysis  or  slope  nonnegative  for 
continuous  analysis;  a  lower  case  “ns”  denotes  relative  risk  less  than  1.00  for  discrete  analysis  or  slope 
negative  for  continuous  analysis. 
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Table  13-78.  (Continued) 

Sununary  of  Current  Dioxin  Analyses  (Models  4,  5,  and  6)  for 
Gastrointestinal  Variables 
(Ranch  Hands  Only) 


ADJUSTED 


Variable 


Model  4;  ■ 
Lipid-Adjusted 
Current  Dioxin 


Model  Sr- 
’Whole-WeigBt 
Curroit  Dioxin 


"  V'®  6: 

Whole-Weight 
Cuirent  IMoxin 
Adjusted  for 
Total  Lipids 


Medical  Records 

Hepatitis  (Non-A,  Non-B,  or  Non-C)  (D) 

Jaundice  (D) 

Chronic  Liver  Disease  and  Cirrhosis  (Alcohol-Related) 
(D) 

Chronic  Liver  Disease  and  Cirrhosis  (Nonalcohol- 
Related)  (D) 

Other  Liver  Disorders  (D) 

Hepatomegaly  (D) 

Physical  Examination 
Current  Hepatomegaly  (D) 

Laboratory 
AST  (C) 

AST  (D) 

ALT(C) 

ALT  (D) 

GGT(C) 

GGT(D) 

Alkaline  Phosphatase  (C) 

Alkaline  Phosphatase  (D) 

Total  Bilirubin  (C) 

Total  Bilirubin  (D) 

Direct  Bilirubin  (D) 

LDH  (C) 

LDH  (D) 

Cholesterol  (C) 

Cholesterol  (D) 

HDL  Cholesterol  (C)® 

HDL  Cholesterol  (D) 

Cholesterol-HDL  Ratio  (C) 

Cholesterol-HDL  Ratio  (D) 

Triglycerides  (C) 

Triglycerides  (D) 

Creatine  Kinase  (C) 

Creatine  Kinase  (D) 

Serum  Amylase  (C) 

Serum  Amylase  (D) 

Antibodies  for  Hepatitis  A  (D) 


ns 

ns 

ns 

-<0.001 

-<0.001 

-<0.001 

NS 

NS 

NS 

NS 

NS 

NS 

**(-1-0.004) 

**(-+0.001) 

**(-+0.018) 

ns 

ns 

ns 

NS 

NS 

NS 

**(NS) 

**(NS*) 

**(NS) 

**(NS) 

**(NS) 

**(NS) 

■+<0.001 

-+<0.001 

-+<0.001 

-t-0.035 

-+0.024 

NS* 

**(+<0.001) 

**(-+<0.001) 

**(■+0.002) 

**(-1-0.040) 

**(-+0.012) 

**(NS) 

**(ns) 

**(ns) 

**(ns*) 

ns 

ns 

ns 

**(NS) 

NS 

NS 

**(ns) 

**(ns) 

**(ns) 

**(NS) 

**(NS) 

**(ns) 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

■+<0.001 

ns 

NS 

**(-+0.002) 

ns 

**(-0.001) 

**(-<0.001) 

**(-0.022) 

**(NS) 

**(NS*) 

**(NS) 

**(-+<0.001) 

**(-+<0.001) 

**(NS*) 

-+0.006 

-+<0.001 

NS 

**(-+<0.001) 

**(-+<0.001) 

**(-+0.007) 

-+0.002 

-+  <0.001 

NS 

+•0.003 

-+0.002 

-+0.006 

NS* 

NS* 

NS* 

-0.010 

-0.005 

ns* 

ns 

ns 

ns 

NS 

NS 

NS 
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Table  13-78.  (Continued) 

Summary  of  Current  Dioxin  Analyses  (Models  4,  5,  and  6)  for 
Gastrointestinal  Variables 
(Ranch  Hands  Only) 


ADJUSTED 

Model  6: 

Whole-Weight 

Model  5: 

Current  IMoxin 

Li{Hd-Adjusted 

Whole-Wright 

Adjusted  for 

Variable 

Current  Dioxin 

Current TKoxin 

Total  Lipids 

Serological  Evidence  of  Prior  Hepatitis  B  Infection  (D) 

**(ns) 

**(ns) 

**(ns) 

Antibodies  for  Hepatitis  C  (D) 

ns 

ns 

ns 

Stool  Hemoccult  (D) 

NS 

NS 

NS 

Prealbumin  (C)^ 

**(ns) 

**(NS) 

**(ns) 

Prealbumin  (D) 

**(ns) 

**(ns) 

**(NS) 

Albumin  (C)* 

**(ns) 

**(NS) 

**(ns) 

Albumin  (D) 

NS 

NS 

NS 

a-1  Acid  Glycoprotein  (C) 

**(ns*) 

ns 

-0.040 

a-1  Acid  Glycoprotein  (D) 

**(ns) 

**(ns) 

**(NS) 

a-l  Antitrypsin  (C) 

**(-0.004) 

**(-<0.001) 

**(-0.007) 

a-l  Antitrypsin  (D):  Low  vs.  Normal 

ns 

ns 

ns 

a-1  Antitrypsin  (D):  High  vs.  Normal 

ns* 

-0.035 

ns 

a-2  Macroglobulin  (C) 

-0.006 

-0.008 

-0.007 

a-2  Macroglobulin  (D) 

NS 

NS 

NS 

Apolipoprotein  B  (C) 

-t-0.026 

**(+<0.001) 

ns 

Apolipoprotein  B  (D) 

NS* 

**(+<0.001) 

ns 

Cj  Complement  (Cy 

+  <0.001 

**(+<0.001) 

+  <0.001 

Cj  Conqrlement  (D) 

**(-0.032) 

-0.003 

ns 

C4  Complement  (C)“ 

NS 

**(+0.018) 

NS 

C4  Complement  (D) 

ns 

ns 

ns 

Haptoglobin  (C) 

ns 

ns 

ns 

Haptoglobin  (D) 

ns 

ns 

-0.044 

Transferrin  (C)® 

+0.012 

+0.001 

+0.040 

Transferrin  (D) 

-0.043 

-0.041 

-0.039 

^Negative  slope  considered  adverse  for  this  variable. 

C:  Continuous  analysis. 

D:  Discrete  analysis. 

+  :  Relative  risk  >1.00  for  discrete  analysis  or  slope  nonnegative  for  continuous  andysis. 

Relative  risk  <  1.00  for  discrete  analysis  or  slope  negative  for  continuous  analysis. 

NS  or  ns:  Not  significant  (p  >0.10). 

NS*  or  ns*:  Marginally  significant  (0.05 <p<  0.10).  ^  , 

**(NS)  or  **(ns):  Log2  (current  dioxin  +  l)-by-covariate  interaction  (p<0.05);  not  signific^t  when  interaction 

is  deleted;  refer  to  Appendix  1-2  for  a  detailed  description  of  this  interaction. 

**(NS*)  or  **(ns*):  Log2  (current  dioxin  +  l)-by-covariate  interaction  (0.01  <p<0.05);  marginally  significant 

when  interaction  is  deleted;  refer  to  Appendix  1-2  for  a  detailed  description  of  this  interaction. 
**(...):  Log2  (current  dioxin  +  l)~by-covariate  interaction  (0.01  <p<0.05);  sigmficant  when  interaction  is  deleted 

and  p-value  given  in  parentheses;  refer  to  Appendix  1-2  for  a  detailed  description  of  this  interaction. 

Note:  P-value  given  if  p  <0.05. 

A  capital  “NS”  denotes  a  relative  risk  of  1.00  or  greater  for  discrete  analysis  or  a  nonnegative  slope  for 
continuous  analysis;  a  lower  case  “ns”  denotes  relative  risk  less  than  1.00  for  discrete  analysis  or  slope 
negative  for  continuous  analysis. 
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Table  13-79. 

Summary  of  Group-by-Covariate  and  Dioxin-by-Covariate  Interactions  from  Adjusted 

Analyses  of  Gastrointestinal  Variables 


Model i/  vVarf  ;  ■^./■;vc;■r'::^^:Covariate 


Jaundice  (D) 

Race 

Hepatomegaly  (D) 

Occupation 

AST  (D) 

Current  Alcohol  Use 

ALT  (D) 

Age 

Degreasing  Chemical  Exposure 

Alkaline  Phosphatase  (C) 

Age 

Race 

Degreasing  Chemical  Exposure 

LDH  (C) 

Age 

Lifetime  Alcohol  History 

LDH  (D) 

Current  Alcohol  Use 

Cholesterol  (C) 

Current  Alcohol  Use 

Cholesterol  (D) 

Current  Alcohol  Use 

HDL  Cholesterol  (C) 

Current  Alcohol  Use 

Lifetime  Alcohol  History 

Triglycerides  (C) 

Occupation 

Creatine  Kinase  (C) 

Race 

Creatine  Kinase  (D) 

Race 

Antibodies  for  Hepatitis  C 

Age 

Degreasing  Chemical  Exposure 

Stool  Hemoccult  (D) 

Lifetime  Alcohol  History 

Prealbumin  (C) 

Current  Alcohol  Use 

Albumin  (C) 

Lifetime  Alcohol  History 

Age 

Albumin  (D) 

Industrial  Chemical  Exposure 

a-l  Acid  Glycoprotein  (D) 

Age 

C3  Complement  (D) 

Race 

Transferrin  (D) 

Lifetime  Alcohol  History 
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Table  13-79.  (Continued) 

Summary  of  Group-by-Govariate  and  Dioxin-by-Covariate  Interactions  from  Adjusted 

Analyses  of  Gastrointestinal  Variables 

Model 

Variable 

'CpyOTate; 

2*’ 

Alcoholic  Chronic  Liver  Disease  and 
Cirrhosis  (D) 

Race 

Other  Liver  Disorders  (D) 

Occupation 

AST  (C) 

Current  Alcohol  Use 

/ 

AST  (D) 

Current  Alcohol  Use 

GOT  (C) 

Degreasing  Chemical  Exposure 

Alkaline  Phosphatase  (C) 

Degreasing  Chemical  Exposure 

Alkaline  Phosphatase  (D) 

Industrial  Chemical  Exposure 

Total  Bilirubin  (D) 

Industrial  Chemical  Exposure 

Cholesterol  (C) 

Degreasing  Chemical  Exposure 

Cholesterol  (D) 

Degreasing  Chemical  Exposure 

Lifetime  Alcohol  History 

Cholesterol-HDL  Ratio  (C) 

Current  Alcohol  Use 

Triglycerides  (C) 

Occupation 

Serum  Amylase  (D) 

Age 

Prealbumin  (C) 

Industrial  Chemical  Exposure 

Albumin  (C) 

Industrial  Chemical  Exposure 

a-l  Acid  Glycoprotein  (C) 

Lifetime  Alcohol  History 

Occupation 

a-l  Acid  Glycoprotein  (D) 

Occupation 

Degreasing  Chemical  Exposure 

a-l  Antitrypsin  (C) 

Industrial  Chemical  Exposure 

Degreasing  Chemical  Exposure 

a-2  Macroglobulin  (C) 

Age 

Apolipoprotein  B  (C) 

Age 

Apolipoprotein  B  (D) 

Age 

C4  Complement  (C) 

Occupation 

Age 

Haptoglobin  (C) 

Age 

Lifetime  Alcohol  History 

Haptoglobin  (D) 

Occupation 

Lifetime  Alcohol  History 

Transferrin  (C) 

Occupation 

Industrial  Chemical  Exposure 
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Table  13-79.  (Continued) 

Sununary  of  Group-by-Covariate  and  Dioxin-by-Covariate  Interactions  from  Adjusted 

Analyses  of  Gastrointestinal  Variables 


Model 

^ //■■Govariate 

3= 

Alcoholic  Chronic  Liver  Disease  and 

Cirrhosis  (D) 

Race 

Other  Liver  Disorders  (D) 

Degreasing  Chemical  Exposure 

AST(D) 

Current  Alcohol  Use 

ALT  (D) 

Degreasing  Chemical  Exposure 

Current  Alcohol  Use 

GGT  (C) 

Degreasing  Chemical  Exposure 

GGT  (D) 

Degreasing  Chemical  Exposure 

Alkaline  Phosphatase  (C) 

Degreasing  Chemical  Exposure 

LDH  (C) 

Age 

Race 

Lifetime  Alcohol  History 

LDH  (D) 

Lifetime  Alcohol  History 

Cholesterol  (C) 

Lifetime  Alcohol  History 

Cholesterol  (D) 

Cunent  Alcohol  Use 

HDL  Cholesterol  (C) 

Current  Alcohol  Use 

Lifetime  Alcohol  History 

HDL  Cholesterol  (D) 

Lifetime  Alcohol  History 

Cholesterol-HDL  Ratio  (C) 

Current  Alcohol  Use 

Creatine  Kinase  (C) 

Race 

Lifetime  Alcohol  History 

Creatine  Kinase  (D) 

Race 

Lifetime  Alcohol  History 

Serum  Amylase  (D) 

Race 

Serological  Evidence  of  Prior  Hepatitis  B 

Occupation 

Infection  (D) 

Age 

Prealbumin  (C) 

Industrial  Chemical  Exposure 

Albumin  (C) 

Industrial  Chemical  Exposure 

a-1  Acid  Glycoprotein  (C) 

Lifetime  Alcohol  History 

a-1  Acid  Glycoprotein  (D) 

Age 

C3  Complement  (D) 

Race 

Industrial  Chemical  Exposure 

Transferrin  (D) 

Lifetime  Alcohol  History 
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Table  13-79.  (Continued) 

Summary  of  Group-by-Covariate  and  Dioxin-by-Covariate  Interactions  from  Adjusted 

Analyses  of  Gastrointestinal  Variables 


Model 

■  ;;Variable 

Covariate 

4-3 

Other  Liver  Disorders  (D) 

Occupation 

Degreasing  Chemical  Exposure 

AST  (C) 

Current  Alcohol  Use 

AST  (D) 

Current  Alcohol  Use 

GGT(C) 

Occupation 

GOT  (D) 

Degreasing  Chemical  Exposure 

Alkaline  Phosphatase  (C) 

Race 

Total  Bilirubin  (C) 

Degreasing  Chemical  Exposure 

Total  Bilirubin  (D) 

Degreasing  Chemical  Exposure 

Direct  Bilirubin  (D) 

Lifetime  Alcohol  History 

HDL  Cholesterol  (C) 

Lifetime  Alcohol  History 

Current  Alcohol  Use 

HDL  Cholesterol  (D) 

Lifetime  Alcohol  History 

Cholesterol-HDL  Ratio  (C) 

Degreasing  Chemical  Exposure 

Triglycerides  (C) 

Occupation 

Serological  Evidence  of  Prior  Hepatitis  B 
Infection  (D) 

Occupation 

Prealbumin  (C) 

Degreasing  Chemical  Exposure 

Industrial  Chemical  Exposure 

Prealbumin  (D) 

Occupation 

Albumin  (C) 

Current  Alcohol  Use 

Degreasing  Chemical  Exposure 

a-1  Acid  Glycoprotein  (C) 

Lifetime  Alcohol  History 

a-1  Acid  Glycoprotein  (D) 

Occupation 

a-l  Antitrypsin  (C) 

Occupation 

Degreasing  Chemical  Exposure 

Cj  Complement  (D) 

.  Current  Alcohol  Use 
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Table  13-79.  (Continued) 

Summary  of  Group-by-Covariate  and  Dioxin-by-Covariate  Interactions  from  Adjusted 

Analyses  of  Gastrointestinal  Variables 


.■•Wfodel  ■■v''-Variable';V-';'v 


Other  Liver  Disorders  (D) 

Occupation 

Degreasing  Chemical  Exposure 

AST  (C) 

Current  Alcohol  Use 

AST  (D) 

Current  Alcohol  Use 

GGT(C) 

Occupation 

GGT  (D) 

Degreasing  Chemical  Exposure 

Alkaline  Phosphatase  (C) 

Race 

Total  Bilirubin  (D) 

Degreasing  Chemical  Exposure 

Direct  Bilirubin  (D) 

Lifetime  Alcohol  History 

Cholesterol  (D) 

Occupation 

HDL  Cholesterol  (C) 

Lifetime  Alcohol  History 
Current  Alcohol  Use 

HDL  Cholesterol  (D) 

Lifetime  Alcohol  History 

Cholesterol-HDL  Ratio  (C) 

Age 

Triglycerides  (C) 

Occupation 

* 

Lifetime  Alcohol  History 

Serological  Evidence  of  Prior  Hepatitis  B 
Infection  (D) 

Occupation 

Prealbumin  (C) 

Degreasing  Chemical  Exposure 
Occupation 

Prealbumin  (D) 

Occupation 

Albumin  (C) 

Current  Alcohol  Use 

Degreasing  Chemical  Exposure 

a-1  Acid  Glycoprotein  (D) 

Occupation 

a-1  Antitrypsin  (C) 

Occupation 

Degreasing  Chemical  Exposure 

Apolipoprotein  B  (C) 

Age 

Apolipoprotein  B  (D) 

Age 

C3  Complement  (C) 

Occupation 

C4  Complement  (C) 

Occupation 
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Table  13-79.  (Continued) 

Summary  of  Group-by-Covariate  and  Dioxin-by-Covariate  Interactions  from  Adjusted 

Analyses  of  Gastrointestinal  Variables 


Modd^  ^  ^  Variable  _ _  Covariate 


Other  Liver  Disorders  (D) 

Occupation 

Degreasing  Chemical  Exposure 

AST  (C) 

Current  Alcohol  Use 

AST  (D) 

Current  Alcohol  Use 

GOT  (C) 

Occupation 

GGT  (D) 

Degreasing  Chemical  Exposure 

Alkaline  Phosphatase  (C) 

Race 

Total  Bilirubin  (D) 

Degreasing  Chemical  Exposure 

Direct  Bilirubin  (D) 

Lifetime  Alcohol  History 

HDL  Cholesterol  (C) 

Lifetime  Alcohol  History 

Current  Alcohol  Use 

Degreasing  Chemical  Exposure 

HDL  Cholesterol  (D) 

Lifetime  Alcohol  History 

Cholesterol-HDL  Ratio  (C) 

Degreasing  Chemical  Exposure 

Triglycerides  (C) 

Occupation 

Lifetime  Alcohol  History 

Serological  Evidence  of  Prior  Hepatitis  B 
Infection  (D) 

Occupation 

Prealbumin  (C) 

Degreasing  Chemical  Exposure 
Industrial  Chemical  Exposure 

Prealbumin  (D) 

Age 

Albumin  (C) 

Current  Alcohol  Use 

Degreasing  Chemical  Exposure 

a-1  Acid  Glycoprotein  (D) 

Occupation 

a-l  Antitrypsin  (C) 

Occupation 

Degreasing  Chemical  Exposure 

C:  Continuous  analysis. 

D:  Discrete  analysis. 

^  Group  Analysis  (Ranch  Hands  vs.  Comparison). 

^  Ranch  Hands — Log2  (Initial  Dioxin). 

^  Categorized  Dioxin. 

^  Ranch  Hands— Log2  (Current  Lipid- Adjusted  Dioxin  +  1). 

^  Ranch  Hands— Log2  (Current  Whole- Weight  Dioxin  +1). 

^  Ranch  Hands— Logz  (Current  Whole-Weight  Dioxin  +  1),  Adjusted  for  Total  Lipids. 
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Medical  Records 


Historical  information  collected  at  the  1982,  1985,  and  1987  examinations  was  updated 
with  data  collected  at  the  1992  health  interview  and  grouped  by  ICD  code  into  eight 
categories  of  liver  disorders  for  analysis:  hepatitis  (non-A,  non-B,  and  non-C),  jaundice, 
acute  and  subacute  necrosis  of  the  liver,  chronic  liver  disease  and  cirrhosis  (alcohol-related), 
chronic  liver  disease  and  cirrhosis  (nonalcohol-related),  liver  abscess  and  sequelae  of  chronic 
liver  disease,  other  liver  disorders,  and  hepatomegaly.  All  conditions  were  verified  through 
medical  records. 

Model  1:  Group  Analysis 

The  unadjusted  overall  group  contrasts  found  no  significant  differences  between  the 
Ranch  Hands  and  the  Comparisons  for  any  of  the  liver  disorder  variables.  After  covariate 
adjustment,  the  overall  group  difference  became  marginally  significant  for  jaundice  (Adj. 
RR=0.62,  p=0.100)  and  for  hepatomegaly  (Adj.  RR=0.61,  p=0.100)  with  relatively  fewer 
Ranch  Hands  than  Comparisons  having  a  history  of  both  of  these  conditions.  The  adjusted 
analyses  for  the  other  historical  liver  conditions  were  not  significant. 

The  results  of  the  occupation-stratified  analyses  were  similar  to  the  overall  contrast 
findings.  The  unadjusted  analyses  of  jaundice  and  hepatomegaly  found  marginally  significant 
relative  risks  less  than  one  for  Ranch  Hands  in  the  enlisted  groundcrew  stratum.  After 
covariate  adjustment,  the  relative  risk  remained  marginally  less  than  one  for  jaundice  and 
became  significantly  less  than  one  for  hepatomegaly.  The  unadjusted  and  adjusted  results 
within  the  officer  stratum  and  within  the  enlisted  flyer  stratum  were  not  significant  for  any  of 
the  historical  liver  disorder  variables. 

Model  2:  Initial  Dioxin  Analysis 

The  unadjusted  Model  2  analyses  did  not  show  a  significant  association  between 
estimated  initial  dioxin  exposure  and  any  of  the  historical  liver  disorders.  After  adjusting  for 
occupation,  the  analyses  of  the  category  of  other  liver  disorders  revealed  a  significant 
positive  association  with  initial  dioxin.  This  variable  is  a  composite  of  elevations  from 
numerous  laboratory  tests  performed  during  previous  AFHS  examinations,  does  not  represent 
any  specific  disease  or  condition,  and  is  not  clinically  or  epidemiologically  relevant.  The 
adjusted  analyses  were  not  significant  for  any  of  the  other  questionnaire  variables. 

Model  3:  Categorized  Dioxin  Analysis 

The  unadjusted  and  adjusted  Model  3  categorized  dioxin  analyses  found  significant  or 
marginally  significant  Ranch  Hand  dioxin  category  versus  Comparison  group  contrasts  for 
jaundice,  other  liver  disorders,  and  hepatomegaly.  No  significant  results  were  seen  for  the 
other  variables. 

The  adjusted  analyses  of  jaundice  found  a  relative  risk  significantly  less  than  one  for 
Ranch  Hands  in  the  low  dioxin  category.  The  adjusted  relative  risk  was  less  than  one,  but 
not  significant  for  Ranch  Hands  in  the  high  dioxin  category.  Combining  the  low  and  high 
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dioxin  categories  together  led  to  a  relative  risk  significantly  less  than  one  (Adj.  RR=0.21, 
95%  C.I.=[0.06,  0.70].  p=0.011). 


The  adjusted  analyses  of  hepatomegaly  found  that  the  relative  risk  was  marginally  less 
than  one  for  low  Ranch  Hands,  but  the  relative  risk  was  not  significant  for  the  other 
contrasts.  The  adjusted  relative  risk  for  the  composite  variable  of  other  liver  disorders  was 
significantly  greater  than  one  for  Ranch  Hands  in  the  high  dioxin  category  (Adj.  RR=1.37, 
95%  C.I.=[1.00,  1.86],  p=0.048). 

Models  4  through  6:  Current  Dioxin  Analysis 

The  unadjusted  and  adjusted  analyses  for  Models  4,  5,  and  6  found  highly  significant 
inverse  relationships  between  current  dioxin  levels  and  a  history  of  jaundice  (p<  0.001  in  all 
analyses).  By  contrast,  the  analyses  found  strong  positive  associations  between  current 
dioxin  levels  and  the  composite  category  of  other  liver  disorders  (p =0.004,  p =0.001,  and 
p=0.018  in  the  adjusted  Model  4,  5,  and  6  analyses).  Current  dioxin  levels  were  not 
significantly  associated  with  any  of  the  other  historical  conditions. 

Physical  Examination  Variable 

There  were  no  significant  findings  in  the  Models  1  through  6  analyses  of  hepatomegaly 
diagnosed  at  the  1992  examination. 

Laboratory  Variables 

The  gastrointestinal  assessment  analyzed  27  laboratory  variables  including  hepatic 
enzymes;  bilirubin  measures,  lipid  and  carbohydrate  indices,  serological  markers  for  hepatitis 
(A,  B,  and  C),  stool  hemoccult,  and  10  protein  profile  components.  Twenty-two  variables 
were  analyzed  in  both  continuous  and  discrete  forms.  Five  were  analyzed  as  discrete 
variables  only. 

Model  1:  Group  Analysis 

Overall,  the  Model  1  assessment  of  group  contrasts  for  the  laboratory  variables  did  not 
reveal  a  consistent  pattern  of  significant  group  differences  that  would  indicate  that  the 
gastrointestinal  health  of  the  Ranch  Hands  differs  substantially  from  the  Comparisons. 

Isolated  significant  and  marginally  significant  findings  are  highlighted  below. 

The  adjusted  Model  1  analyses  of  the  continuous  variables  found  that  the  Ranch  Hand 
group  had  significantly  or  marginally  significantly  higher  mean  levels  of  alkaline 
phosphatase,  a-1  antitrypsin,  haptoglobin,  and  transferrin,  and  a  marginally  lower  mean 
ALT.  In  the  discrete  analyses,  the  relative  risk  was  significantly  more  than  one  for  abnormal 
low  HDL  levels  and  marginally  more  than  one  for  abnormal  high  alkaline  phosphatase  levels. 
The  elevated  alkaline  phosphatase  findings  also  have  been  noted  at  previous  examinations. 
Ranch  Hands  also  had  significantly  lower  serological  evidence  of  prior  hepatitis  B  infection 
and  hepatitis  C  antibodies  than  Comparisons,  possibly  related  to  the  longer  amount  of  time 
Comparisons  generally  spent  in  SEA  (see  Chapter  8,  Covariate  Associations  with  Estimates 
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of  Dioxin  Exposure),  with  its  endemic  levels  of  hepatitis.  The  only  consistent  finding  among 
the  three  occupational  cohorts  was  a  significant  or  marginally  significant  decreased 
prevalence  of  serological  evidence  of  prior  hepatitis  B  infection  for  Ranch  Hands.  Other 
significant  findings  were  that  Ranch  Hand  officers  had  more  abnormal  low  HDL  cholesterol 
and  abnormal  high  triglycerides  levels,  and  a  marginally  lower  mean  serum  ^ylase  than  did 
Comparison  officers.  Ranch  Hand  enlisted  flyers  had  significantly  or  marginally  lower  mean 
levels  of  AST,  ALT,  and  triglycerides  than  did  Comparison  enlisted  flyers. 

The  adjusted  analyses  of  the  continuous  variables  found  that  Ranch  Hand  group  mean 
levels  of  alkaline  phosphatase,  LDH,  haptoglobin,  and  transferrin  were  significantly  higher 
or  marginally  higher  than  the  corresponding  Comparison  group  means  in  the  enlisted 
groundcrew  stratum.  The  adjusted  discrete  analyses  found  significantly  more  abnormal  high 
alkaline  phosphatase  levels,  significantly  fewer  abnormal  high  direct  bilirubin  levels,  and 
marginally  fewer  abnormal  high  ALT  levels  in  Ranch  Hand  enlisted  groundcrew  compared  to 
Comparison  enlisted  groundcrew. 

Model  2:  Initial  Dioxin  Analysis 

The  adjusted  Model  2  analyses  detected  several  significant  or  marginally  significant 
associations  between  the  laboratory  variables  and  estimated  initial  dioxin  levels  in  Ranch 
Hands,  but  no  consistent  overall  pattern  was  noted. 

The  discrete  analyses  detected  no  significant  associations.  In  the  continuous  analyses, 
significant  or  marginally  significant  increasing  associations  were  found  for  cholesterol, 
triglycerides,  apolipoprotein  B,  and  C3  complement.  A  significant  decreasing  association  was 
found  with  serum  amylase  and  a  marginally  significant  decreasing  association  was  found  with 
a-1  acid  glycoprotein.  The  unadjusted  analyses  of  HDL  cholesterol  and  the  cholesterol-HDL 
ratio  were  significant,  but  the  relationship  became  nonsignificant  after  adjusting  for 
occupation. 

Model  3:  Categorized  Dioxin  Analysis 

The  adjusted  results  of  the  high  Ranch  Hand  versus  Comparison  contrast  found  that 
Ranch  Hands  had  significantly  higher  mean  levels  of  GOT,  triglycerides,  and  transferrin,  and 
a  marginally  higher  mean  level  of  haptoglobin.  The  discrete  analyses  for  triglycerides  and 
transferrin  also  were  significant,  with  Ranch  Hands  in  the  high  dioxin  category  having  a 
higher  prevalence  of  abnormal  high  triglyceride  levels  and  a  lower  prevalence  of  abnormal 
low  transferrin  levels.  In  addition,  the  relative  risk  of  serological  evidence  of  prior  hepatitis 
B  infection  was  significantly  less  than  one  for  Ranch  Hands  in  the  high  initial  dioxin 
category. 

The  adjusted  results  of  the  low  Ranch  Hand  versus  Comparison  contrast  found  that 
Ranch  Hands  had  a  marginally  higher  mean  GGT,  a  significantly  higher  mean  level  and  a 
relative  risk  marginally  greater  than  one  for  alkaline  phosphatase,  and  a  significantly  higher 
mean  level  and  a  relative  risk  marginally  less  than  one  for  transferrin.  The  analyses  also 
found  that  Ranch  Hands  in  the  low  dioxin  category  had  a  relative  risk  significantly  greater 
than  one  for  the  presence  of  blood  in  their  stools.  As  with  the  high  versus  Comparison 
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contrast,  the  relative  risk  of  serological  evidence  of  prior  hepatitis  B  infection  was 
significantly  less  than  one  for  Ranch  Hands  in  the  low  dioxin  category. 

The  analyses  of  the  low  plus  high  Ranch  Hand  category  versus  the  Comparison  group 
found  several  significant  or  marginally  significant  differences.  In  the  adjusted  analyses, 
Ranch  Hands  had  significantly  higher  mean  levels  of  GGT  and  alkaline  phosphatase,  and 
marginally  higher  prevalence  of  GGT  abnormal  levels  than  did  Comparisons.  The 
unadjusted  analyses  for  the  lipid  and  carbohydrate  indices  found  that  Ranch  Hands  had 
marginally  more  cholesterol  abnormalities,  a  marginally  higher  mean  and  more  abnormalities 
for  the  cholesterol-HDL  ratio,  and  a  marginally  higher  mean  triglycerides  level,  but  these 
differences  became  nonsignificant  after  the  model  was  adjusted  for  occupation. 

For  the  serological  hepatitis  markers.  Ranch  Hands  in  the  low  plus  high  dioxin 
category  had  significantly  lower  evidence  of  present  or  prior  hepatitis  B  infection  and 
antibodies  for  hepatitis  C.  The  adjusted  analyses  of  the  protein  profile  variables  found  a 
marginally  lower  mean  level  of  a-l  macroglobulin,  a  significantly  higher  mean  level  of 
transferrin,  and  a  significantly  lower  prevalence  of  abnormal  low  transferrin  levels  for  Ranch 
Hands  in  the  low  plus  high  category  relative  to  the  Comparison  group. 

The  adjusted  analyses  also  detected  several  significant  differences  for  the  background 
Ranch  Hands  versus  the  Comparison  group  contrast,  mostly  in  the  analyses  of  the  continuous 
variables.  The  only  statistically  significant  finding  in  the  discrete  analyses  was  that 
background  Ranch  Hands  had  more  abnormal  high  alkaline  phosphatase  levels  than  the 
Comparison  group.  In  the  continuous  analyses,  background  Ranch  Hands  had  significanfly 
or  marginally  higher  mean  levels  of  alkaline  phosphatase,  a-1  antitrypsin,  and  haptoglobin, 
and  significantly  or  marginally  lower  mean  levels  of  ALT  and  C3  complement. 

Models  4  through  6:  Current  Dioxin  Analysis 

The  results  of  the  Model  4  through  6  analyses  found  many  highly  significant 
associations  between  the  laboratory  variables  and  current  dioxin  levels,  both  lipid-adjusted 
and  whole-weight.  For  the  hepatic  enzymes  ALT  and  GGT,  there  was  a  strong  positive 
association  with  lipid-adjusted  and  whole-weight  dioxin  in  both  the  continuous  and  discrete 
analyses.  The  results  for  AST  were  not  significant  except  for  a  marginally  significant 
increasing  association  with  whole-weight  dioxin  in  the  Model  5  continuous  analysis. 


For  the  lipid  and  carbohydrate  indices,  the  adjusted  current  dioxin  analyses  detected 
highly  significant  positive  associations  with  cholesterol,  the  cholesterol-HDL  ratio  and 
triglycerides,  as  well  as  highly  significant  decreasing  associations  with  HDL  cholesterol  in  at 
least  one  of  the  models.  The  Model  5  whole-weight  dioxin  results  for  cholesterol,  HDL 
cholesterol,  cholesterol-HDL  ratio,  and  triglycerides  were  nearly  all  highly  significant  in  both 
the  discrete  and  continuous  analyses  (p<0.01  for  all  analyses  except  HDL  cholesterol 
analyzed  in  its  discrete  form,  which  was  marginally  significant).  The  Model  4  lipid-adjusted 
dioxin  analyses  were  not  significant  for  cholesterol,  but  were  highly  significant  for  HDL 
cholesterol  (continuous  only),  the  cholesterol-HDL  ratio  (continuous  and  discrete)  and 
triglycerides  (continuous  and  discrete).  The  Model  6  results,  which  used  serum  lipid  levels 
as  an  adjusting  covariate,  were  not  significant  for  cholesterol,  but  were  significant  for  HDL 
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cholesterol  (continuous  only),  marginally  significant  for  the  cholesterol-HDL  ratio 
(continuous),  and  significant  for  triglycerides  (continuous).  The  loss  of  significance  in  these 
lipid  variables  in  Models  4  and  6  is  not  unexpected  because  both  of  these  models  force 
statistical  adjustment  for  serum  lipid  levels. 

The  adjusted  analyses  found  significant  positive  associations  for  creatine  kinase  treated 
as  a  continuous  variable.  The  adjusted  results  were  marginally  significant  for  creatine  kinase 
in  its  discrete  form.  The  serum  amylase  results  found  significant  decreasing  associations 
with  lipid-adjusted  dioxin  and  whole-weight  dioxin.  The  result  of  the  Model  6  analysis  was 
marginally  significant. 

The  adjusted  results  of  the  protein  profile  variables  yielded  several  significant  findings, 
including  highly  significant  results  (p<  0.005  in  at  least  one  analysis)  for  a-l  antitrypsin, 
apolipoprotein  B,  Q  complement,  and  transferrin.  The  Model  4  continuous  analyses  showed 
significant  positive  associations  between  lipid-adjusted  serum  dioxin  levels  and  apolipoprotein 
B,  C3  complement,  and  transferrin,  and  also  showed  significant  or  marginally  significant 
decreasing  associations  with  a-1  acid  glycoprotein,  Q!-1  antitrypsin,  and  a-l  macroglobulin. 
The  discrete  analyses  showed  a  marginally  significant  increasing  association  with  abnormal 
high  levels  of  apolipoprotein  B,  and  significant  or  marginally  significant  decreasing 
associations  with  abnormal  high  a-1  antitrypsin,  abnormal  low  C3  complement,  and  abnormal 
low  transferrin. 

The  adjusted  Model  5  analyses  for  the  protein  profile  variables  showed  essentially  the 
same  significant  associations  with  whole-weight  dioxin  as  were  found  in  Model  4  with  lipid- 
adjusted  dioxin,  but  with  stronger  relationships  (i.e.,  lower  p-values).  The  only  differences 
between  Models  4  and  5  were  that  the  association  between  whole- weight  dioxin  and  a-1  acid 
glycoprotein  was  not  significant  and  that  the  Model  5  associations  with  abnormal  high  a-1 
antitrypsin  and  abnormal  high  apolipoprotein  B  were  significant,  rather  than  only  marginally 
significant.  In  addition,  there  was  a  highly  significant  positive  association  between  whole- 
weight  dioxin  and  C4  complement  that  was  not  significant  for  lipid-adjusted  current  dioxin. 

The  adjusted  Model  6  analyses  revealed  fewer  significant  results  than  were  revealed  in 
Models  4  and  5  but  the  direction  of  the  results  was  consistent  among  models.  Significant 
results  were  revealed  for  a-1  acid  glycoprotein  (continuous),  a-1  antitrypsin  (continuous), 
a-2  macroglobulin  (continuous),  C3  complement  (continuous),  and  transferrin  (continuous  and 
discrete).  The  Model  6  analysis  also  revealed  a  significant  inverse  relationship  with 
haptoglobin  in  its  discrete  form,  which  was  not  significant  in  either  Model  4  or  Model  5. 

Overall 

The  analyses  of  the  historical  variables  revealed  significant  or  marginally  significant 
inverse  relationships  with  jaundice  in  all  models  except  Model  2.  Ranch  Hands  were  at  a 
marginally  decreased  risk  of  jaundice  relative  to  the  Comparison  group,  and  the  history  of 
jaundice  decreased  significantly  with  current  levels  of  dioxin.  By  contrast,  the  analysis  of 
the  category  of  other  liver  disorders  revealed  significant  increasing  associations  with 
estimated  initial  dioxin  exposure  and  current  levels  of  serum  dioxin,  but  the  Ranch  Hand 
versus  Comparison  group  contrast  was  not  significant.  The  other  liver  disorders  category  is 
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comprised  mostly  of  elevated  laboratory  tests  measured  at  previous  AFHS  examinations  and 
does  not  represent  a  specific  disease  or  condition. 

In  the  analyses  of  the  laboratory  variables,  the  Model  1  group  contrasts  revealed 
several  isolated  statistically  significant  findings,  but  overall  the  gastrointestinal  health  of  the 
Ranch  Hand  and  Comparison  groups  did  not  differ  substantially.  Similarly,  for  the  serum 
dioxin  analyses,  the  adjusted  Model  2  analyses  detected  few  significant  associations  with 
estimated  initial  dioxin,  and  the  adjusted  Model  3  analyses  revealed  few  consistent  significant 
Ranch  Hand  dioxin  category  versus  Comparison  group  contrasts. 

The  Model  4,  5,  and  6  serum  dioxin  analyses  detected  many  significant  associations 
between  the  dependent  laboratory  variables  and  current  dioxin,  both  lipid-adjusted  and  whole- 
weight.  Significant  associations  were  noted  for  some  of  the  enzymes,  the  lipid  and 
carbohydrate  indices,  and  for  several  of  the  proteins.  Alkaline  phosphatase  was  not 
associated  significantly  with  dioxin  (Models  2,  4,  5,  and  6),  but  the  Model  1  and  Model  3 
analyses  detected  significant  group  differences  between  the  Ranch  Hands  and  Comparisons. 

CONCLUSION 

The  gastrointestinal  assessment  found  isolated  statistically  significant  Ranch  Hand 
versus  Comparison  group  differences,  but  overall  the  health  of  the  two  groups  did  not  differ 
substantially.  The  serum  dioxin  analyses  indicated  that  estimated  initial  dioxin  exposure  was 
generally  not  associated  with  historical  liver  disorders  or  current  laboratory  measuremenp; 
however,  the  analyses  revealed  that  current  dioxin  levels  were  often  highly  associated  widi 
lipid-related  health  indices  such  as  cholesterol,  HDL  cholesterol,  the  cholesterol-HDL  ratio, 
and  triglycerides,  as  well  as  with  some  of  the  hepatic  enzymes  (ALT  and  GOT)  and  proteins. 
These  seemingly  discordant  results  may  be  explained  m  part  because  the  initial  dioxin 
analyses  adjusted  for  differential  half-life  elimination  related  to  percent  body  fat,  while  no 
adjustment  was  made  in  the  analyses  of  current  dioxin.  However,  these  significant  findings 
may  be  the  result  of  a  subclinical  dioxin  effect  on  lipid  metabolism. 
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